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EXECUTIVE SUMMARY

Geo-Marine, Inc. (GMI) has completed the Phase II groundwater sampling program on a portion of

Carswell Air Force Base (CAFB) located in Fort Worth, Texas, for the Fort Worth District Corps of

Engineers (USACE) under Contract No. DACA63-91-D-0061, Delivery Order No. 52. Phase II included

the collection of soil descriptions, groundwater samples, and static water level measurements from five

bore holes drilled by a conventional truck-mounted drill rig and 140 holes punched by a cone

penetrometer. The 145 locations (which were in three discrete areas labelled north, south, and west)

were selected by the USACE. Water samples were analyzed at a mobile laboratory on-site for purgeable

halocarbons and light hydrocarbons using Environmental Protection Agency (EPA) method 8021. The

purpose was to determine the limits and overall dimensions of the trichioroethene (TCE) plume previously

identified in the area (Radian Corporation 1991) as well as to check for the presence of fuel(s). This

work defines the extent of the TCE plume in the north, northeast, and southern directions; plume

boundary was previously defined on the southeast (Geo-Marmne, Inc. 1992). Hydrocarbons were

identified in the south area only.

Field work, including soil description, water sampling, and water level measuring, was conducted

between July 28 and September 9, 1993. The soil borings were performed using GMI's truck-mounted

drill rig. The penetrometer holes were done by equipment and crew contracted from Fugro Geosciences,

Inc. (Fugro) of Houston, Texas. Proper decontamination practices were followed for all equipment

involved in sampling. Samples were contained in approved bottles and retained on ice without additional

preservative for transportation to the laboratory, either on-site or off-site. Soil cuttings and decon water

were retained at CAFB in closed barrels prior to being transported off-site for proper disposal; PVC pipe

used for temporary well installation was deconned and disposed of off-site.

Static water levels were obtained from each sampled site. All sites have been surveyed, and so water

gradient and direction with reference to ground surface were determined for the three areas. The local

groundwater direction in the north area is to the east; in the south and west it is to the east-southeast.

These directions are consistent with other data.

Subsurface soils information was obtained at each location. At the soil boring locations, actual soil

samples were examined and described. At the remaining sites, the cone penetrometer recorded physical
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parameters while punching the hole, from which soil profiles based on textural changes were derived

mathematically and then plotted. At two locations, holes were deliberately drilled and punched side-by-

side in order to "calibrate" the electronic soil profile to the described one.

Analytic work for the three water samples collected during the soil boring operation was done by NDRC

Laboratories of Richardson, Texas, a USACE-approved facility. Analytic work for the remainder of the

Phase II samples collected from cone penetrometer holes was done on-site in a mobile laboratory

contracted from Transglobal Environmental Geochemistry (TEG), Austin, Texas, also approved by the

USACE. During the sampling process, 145 holes were either drilled or pushed, and 91 water samples

were collected. Duplicate quality analysis/quality control (QA/QC) samples were collected every ten

sample sites for analysis by both TEG and the USACE Southwestern Division Laboratory (SWDL) in

Dallas, Texas.

Results for 22 analytes (18 halocarbons plus four petroleum hydrocarbons) have been received for 91

samples plus the trip blanks, rinsate samples, and duplicate samples included as proper QA/QC

procedure. The results indicate the following:

• In the north area the TCE plume has been defined to the north, east, and south. The area
open to the west and southwest is inaccessible in part because of concrete runways and
aprons.

• In the south area the TCE plume has been defined to the north and east. The area open
to the west and northwest is inaccessible in part because of concrete runways, while the
area to the south and southwest overlaps other sampling data.

• In the west area the TCE plume has been defined to the south and east. The area to the
north overlaps other sampling data, and the area open to the west overlaps widely spaced
data from monitor wells.

• Two other halocarbons (cis-l,2-DCE and trans-1,2-DCE) were identified in the three
sampling areas. Distribution is similar to TCE, but values are generally lower except
that concentration highs are offset in the down gradient direction.

• Sample areas which overlap data previously produced by GMI or others do not duplicate
sample results; however, the patterns of relative high and low values are similar.

• BTEX components were present only on the east side of the south area near the truck
fueling station on Knights Lake Road which is approximately one block down dip from
the POL (petroleum, oil, and lubricant) Tank Farm and Flightline Drainage Ditch.
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Depending on access, additional groundwater data from the west sides of the sampling areas could

determine whether the TCE is traveling in more than one discrete plume and whether there is one of more

sources for the TCE on CAFB in addition to those identified on Air Force Plant 4 (AFP4).

Procedural recommendations for additional sampling work done at CAFB include the following:

• The choice of equipment to obtain the soil and/or water samples should be dependent on
the sampling area, i.e., around and to the south of White Settlement Road, the drill rig
should be used, while in the GMI 1993 north and south sampling areas the penetrometer
works well.

• A mobile laboratory should be used for reconnaissance plume delineation because rapid
sample results maximize the usefulness of each sample site location.

• Each water sample should be analyzed for a variety of contaminants, regardless of the
inunediate objective of a project, because of the diverse and widespread problems known
to exist at CAFB and the cost of sample acquisition.

vii
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1.0 INTRODUCTION - SCOPE AND OBJECTIVES

The Fort Worth District Corps of Engineers (USACE) contracted Geo-Marine, Inc. (GMI) to perform

two phases of groundwater sampling at Air Force Plant No. 4, Carswell Air Force Base (CAFB), Fort

Worth, Texas, under Contract No. DACA63-9 1 -D-006 1, Delivery Order No. 52 (Figure 1). This report

covers the Phase II sampling operations and results. The Phase I report was delivered in November

1992.

The objective of Phase II was the specific delineation in several separate areas of the trichloroethene

(TCE) plume previously identified in the groundwater; all water samples collected were also analyzed for

benzene, toluene, ethyl benzene, and xylenes (BTEX) to check for the presence of fuel. During this

phase five soil borings were drilled with a truck-mounted rig and 140 sites were punched with a cone

penetrometer rig resulting in the collection of 91 groundwater samples. Water samples from the soil

borings were analyzed at an off-site laboratory; however, the cone penetrometer water samples were

analyzed within 24 hours at a mobile laboratory on-site. The on-site analyses allowed redistribution of

sample locations in response to analytic results, and a number of sites were moved from the eastern edge

of the south area to the eastern edge of the north area and also to the golf course (also referred to as west

area) for plume boundary delineation and along a railroad spur south of Air Force Plant No. 4 (AFP4)

for alluvium identification.

Other additions to the Phase II Scope of Work (SOW) included subsurface delineation at each station in

terms of soil description and measuring the static water level in temporarily cased and screened holes.

The descriptions were visual for the five soil borings and interpreted from electronically collected friction

and tip resistance data acquired at each penetrometer location. The penetrometer data were

"standardized" to the local soil profile at two locations where both visual and electronic descriptions were

done. The purpose for the soils data was to define paleochannels in the sampling areas which would both

complement and supplement existing soil distribution from well logs and soil borings and identify possible

preferable pathways for the lateral migration of water and contaminants.

Static water levels were measured in each water-containing hole the day after it was punched, at which

time the temporary screen and casing were pulled and the holes grouted to the surface. The purpose for

the groundwater depths was to define the water gradient and direction using the survey data (Carter and

1
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Burgess 1993) measured at each location. The subsurface flow direction combined with the current

contaminant distribution and the location of subsurface sand and gravel channels should provide predictive

information regarding future contaminant migration in the subsurface.

3



2.0 HISTORY OF SITE INVESTIGATION

Investigations of subsurface conditions at CAFB and at the adjacent AFP4 have been ongoing since the

early 1980s. Until recently, individual studies tended to be restricted to either one side or the other of

the western CAFB boundary. However, this boundary is an administrative rather than an engineering

or geologic one, and the 1993 formation of the Partnering Team (Partnering Meeting Minutes 1993) has

resulted in enhanced cooperation between the various participants in the ongoing investigations at both

AFP4 and CAFB.

Early work at CAFB, under the Department of Defense Installation Restoration Program (IRP), included

Phase I (Initial Assessment/Records Search) by CH2M Hill (1984) which identified a number of sites of

potential contamination (Figure 2), and Phase II Stage 1 (Problem Confirmation/Quantification) and Phase

II Stage 2 (Remedial Investigation Report for the Flightline Area) by Radian Corporation (1986, 1991).

Early work at AFP4 included Remedial Investigations (1983, 1989) by Hargis and Montgomery. More

recent work has included quarterly monitoring of various wells (Jacobs Engineering), Phase I plume

delineation (Geo-Marmne, Inc. 1992), and the development of a remediation system including the

installation and sampling of extraction wells (International Technology Corporation 1993).

2.1 Previous Geological Studies (1984-199 1)

Unconsolidated surficial deposits in the Flightline Area (here defined as the area around the southern end

of the flightline at CAFB and labelled on Figure 2) consist of alluvium with floodplain and fluviatile

terrace deposits (Figure 3). These deposits constitute the Upper Zone which lies unconformably on the

Cretaceous-aged Goodland and Walnut Formations (Fms), the local limestone and shale bedrock,

respectively. Where the Goodland and Walnut Fms are continuous, they form an aquitard between the

Upper Zone and the underlying Paluxy aquifers (Radian Corporation 1991). In the "window area" at

AFP4, the Walnut Fm is either absent or thin enough to allow leakage from the Upper Zone to recharge

and contaminate the upper Paluxy sand (Hargis and Associates 1989).

In the Flightline Area, the alluvium thickness ranges from about 13 feet to more than 40 feet thick. The

top five to ten feet are generally silt and clay with variable amounts of sand and gravel. Below this, sand

and gravel gradually dominate with depth, and grain size increases. Paleochannel features appear to have

4
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Site Areas:
1 Landfill No. 1
3 Landfill No. 3
4 Landfill No. 4
5 Landfill No. 5

10 Waste Burial Area
11 FDTAN0.1
12 FDTAN0.2
13 Flightline Drainage Ditch
15 Entomology Dry Well
16 Unnamed Stream
17 POLTank Farm
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Source: Radian Corporation 1986

General location map of the potential hazardous waste sites identified during the
Installation Restoration Program at Carswell Air Force Base
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eroded into the bedrock with basal deposits of gravel-sized limestone and shell fragments. The bedrock

has been described as being essentially level across the taxiway, but irregular locally, which is typical

of an erosional surface modified by fluvial processes (Radian Corporation 1991).

2.2 Groundwater Investigations at CAFB

During the Phase I study by CH2M Hill (Radian Corporation 1986), 22 sites were investigated for the

possibility of hazardous materials. Five of these sites were located at the Weapons Storage Area 11 miles

west of CAFB (see Figure 1). Of the remaining 17 sites local to CAFB, a significant concern regarding

the environment and human health was identified at 11 sites.

The 11 CAFB sites were further investigated under Phase II Stage 1 (Radian Corporation 1986). The

purpose of this investigation was (1) to determine if the environment had been contaminated as a result

of spills and disposal practices at these sites, (2) to estimate the extent of contamination, (3) to identify

the consequences of migrating pollutants, and (4) to recommend future investigations to define the

boundaries of contamination and direction(s) of movement. Of the 11 sites investigated, six were

determined to pose a threat in the flightline/golf course area. The six sites on or near the Flightline Area

are Landfill No. 3, 4 and 5; Fire Department Training Areas 1 and 2; and a Waste Burial Area. The

other five locations, which are all located on the East Side, are Landfill No.1, Flightline Drainage Ditch,

Entomology Well, Unnamed Steam, and POL Tank Farm (see Figure 2).
Sri-

2.2.1 Investigations in the Flightline Area

At the end of the Phase II Stage 1 investigation performed by Radian Corporation (1986), six sites were

suspected of being probable sources of contamination. The data obtained during Phase II Stage 2 showed

that Landfill No. 3 and Fire Department Training Area 1 posed no threat to the environment or human

health (Radian Corporation 1991). A Decision Summary Technical Document to Support No Further

Action was prepared for each site in 1990.

Previous IRP studies in the Flightline Area had documented contamination in the soil and groundwater

and found TCE and chromium (Cr) to be the primary contaminants. The remaining four sites (Figure 4)

7
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The four sites identified as potential sources of contamination in the Flightline area

include two landfills (LFO4 and LFO5), one fire department training area (FF09),

and one waste burial area (WPO7).
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were studied in 1990 as potential sources: Landfill No. 4 (LFO4), Landfill No. 5 (LFO5), Waste Burial

Area (WPO7), and Fire Department Training Area 2 (FF09) (Radian Corporation 1991).

Initial field examination methods included geophysical surveys, borings, and monitor well installation and

groundwater sampling. In this area geophysical surveys, including magnetometer, electromagnetic; and

electrical resistivity surveys, were conducted in an attempt to identify buried drums. Based on available

records, the following descriptions of the four sites were developed (Radian Corporation 1991).

LFO4

LFO4, an approximate 10-acre area, is located east of Taxiway 197 and south of White Settlement Road.

The landfill consisted of six large pits filled with refuse which was burned and buried. This site was

reported to contain drums of liquid wastes, partially full paint cans, and cadmium batteries. Subsequently

it became the site of a radar station which has since been dismantled.

LFO5

LFO5 is located northwest of LFO4 on the flightline side (west) of the fence which encloses the secured

portion of CAFB. A clay berm was constructed along the creek running beside the landfill. The landfill

received flightline wastes and refuse such as oils, thinners, strippers, and paints. Materials were burned

regularly and buried.

WPO7

WPO7, on the west side of the fence, is located between Landfills No. 4 and 5north of White Settlement

Road which here dead-ends at the runway area. During the 1960s, various types of hazardous wastes

such as drums of cleaning solvents, leaded sludge, and possibly ordnance were disposed of at this site.

9
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FF09

FF09 is located west of the fence between Taxiway 197 and LFO4. This site has been used since 1963

for fire department training exercises. It consisted of a pit lined with gravel and enclosed by an earthen

berm. A second pit, no longer in existence, was built to collect runoff materials from the training pit.

The findings of the Phase II Stage 2 Flightline Area investigation (Radian 1991) with respect to the nature

and extent of groundwater contamination are:

• Free product was not detected in the monitor wells installed to determine if the base of
the Upper Zone contained dense non-aqueous phase liquids (DNAPL) in the Flightline
Area.

• TCE, vinyl chloride (YC), tetrachloroethene (PCE), and the cis- and trans- isomers of
1 ,2-dichloroethene (1 ,2-DCE) are the leading contaminants in the groundwater and
surface waters.

• Concentrations of TCE exceeded the federal maximum contaminant level (MCL) of 5
micrograms per liter (pgIl) in 27 of the 35 monitor wells and YC exceeded the MCL of
2 ig/l in seven of the wells.

• AFP4, which is upgradient to CAFB, may be a source of organic contamination as well
as Sites WPO7, LFO4, LFO5, and FF09. The existence of upgradient sources in addition
to the known sources on CAFB is supported by documented TCE contamination in the
Upper Zone beneath AFP4 (Hargis and Associates 1989).

• None of the limits of the TCE plume is precisely defined, but the apex is migrating
downgradient (eastward). Evidence suggests the plume is preferentially migrating along
accumulations of sand and gravel deposited in paleochaimels and identified from soil
borings (Radian Corporation 1991).

• The vertical extent of the TCE plume is limited downward by the surface of the
Goodland/Walnut Fm, which here underlies the Upper Zone. No contaminants were
detected in the two Paluxy Aquifer monitor wells in this part of CAFB.

• Similarities in groundwater and surface water TCE concentrations (based on results from
the unnamed tributary to Farmers Branch) plus observed elevation differences suggests
that the stream is a zone of groundwater discharge.

10
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2.2.2 Investigations on the East Side

The five locations identified as possible contaminant sources on the East Side of CAFB (Figure 5)are

(Radian Corporation 1986):

• Landfill No. 1 (LFO1), near the Trinity River, where grease and oil were detected along
with detection limits of heavy metals, phenols, and purgeable hydrocarbons.

• Flightline Drainage Ditch (Ditch), where grease, oils, and heavy metals were found,
probably due to detergents from the wash racks or JP-4 from the Fuels Systems Shop.

• Entomology Dry Well (Well) which had not affected the groundwater.

• Unnamed Stream (Stream), which emerges from the oil-water separator, had oil and
grease in the sediments, PCE in the stream, and TCE in the groundwater in addition to
other purgeable organic compounds associated with fuels which probably originated from
a former gasoline station.

• POL Tank Farm (POL) had groundwater highly contaminated with total organic carbon
(TOC) and total organic halide (TOX), probably from more than one source, migrating
toward Farmers Branch.

Two of these sites fall within the Phase II south sampling area: the Ditch and the POL. Previous

investigative work by Radian in 1985 at these two sites included the collection, description, and analysis

of soil from borings (POL), hand-augered holes (Ditch), and surface samples (Ditch). No wells were

installed in this area; however, water was collected from the borings and analyzed and the water depths

were measured.

Analyses of soil from the Ditch showed elevated values of oil and grease and of some metals. However,

the distribution of values was so irregular that no firm conclusions were drawn regarding source(s)

(Radian Corporation 1986). Analyses of soil and water from the borings at the POL showed high but

inconsistent levels of oil and grease (in the soils) and uniformly high organic indicators (in the water).

Radian Corporation (1986) concluded that organic contamination is widespread, but that the source of the

plume was not completely defined. Definition of the extent of contamination in the groundwater in the

area of the POL is scheduled to begin in fall 1993 (Partnering Meeting Minutes 1993).

11



4_L. i*_,

Source: Radian Corporation 1986

The five sites identified as potential sources of contamination in and near GM!
1993 south sampling area include one landfill (LFOI), the Flightline Drainage
Ditch (DITCH), the Entomology Dry Well (WELL), an Unnamed Stream
(STREAM), and the POL Tank Farm (POL).
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2.3 Groundwater Investigations at Air Force Plant No. 4

Early investigations at AFP4, west of the flightline, were performed by Hargis and Associates, Inc.

(1987, 1989) and focused on the groundwater conditions of the Paluxy Aquifer as well as those in the

Upper Zone unconsolidated sediments. The summary which follows emphasizes the investigations of the

TCE plume on the golf course and other areas of CAFB because of the greater relevance of these results

to the GMI Phase I and II Groundwater Sampling Programs (Hargis & Associates, Inc. 1989).

• Basal sand and gravel defined in the Upper Zone as paleochannel deposits are potential
pathways for contaminant migration. Groundwater flow direction is generally to the east
in this area.

• The most commonly detected contaminants were TCE, trans-i ,2-DCE, and Cr. Their
distribution was influenced by an erosional channel into the Walnut Fm and by the
direction of groundwater flow.

• The contaminants migrating from AFP4 originated from a different source than the
contaminants detected in the monitor wells on CAFB.

• The Walnut Fm is thin or absent in the area of the East Parking Lot along Grants
Lane/Highway 341 (see Figure 2), referred to as the "window area". Trans-1,2-DCE
and TCE detected in water samples from the Paluxy Fm upper sand unit were lower in
concentration than in the Upper Zone. The primary source of recharge to the Paluxy
upper sand appeared to be vertical leakage from the overlying Upper Zone near Grants
Lane. The Paluxy Fm is composed of four aquifers. The aquifers are (in descending
order) Paluxy upper sand, upper Paluxy aquifer, middle Paluxy aquifer, and lower
Paluxy aquifer.

• The upper Paluxy aquifer, a separate groundwater unit below the Paluxy upper sand, is
unconfined and has a groundwater gradient to the southeast. The upper Paluxy aquifer
is recharged by Lake Worth and potentially by vertical seepage from the Paluxy upper
sand unit in the area of the East Parking Lot. Thus, the TCE contamination in the upper
Paluxy aquifer may be leakage from the Paluxy upper sand.

Hargis & Associates' recommendations for the east side of AFP4 included: (1) collect samples from the

Upper Zone Radian wells on the CAFB side concurrently with the Hargis & Associates monitor wells

on the AFP4 side to develop an updated plume map, to determine the concentrations of contaminants,

and to assess the extent of contamination; (2) drill additional monitor wells east of Grants Lane in the

Upper Zone; and (3) conduct more aquifer tests in Upper Zone monitor wells to estimate hydrologic

parameters. These recommendations have recently been followed (see Sections 2.5 and 2.6).

13
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2.4 Quarterly Groundwater Monitoring Program (1991-1992)

Since October 1991 Jacobs Engineering Group Inc. has performed the quarterly groundwater monitoring

activities at selected wells at AFP4 and a few on CAFB to aid in the remedial action plan under the IRP.

The objectives are to monitor changes in groundwater quality in the Upper Zone and Paluxy aquifers,

map contaminant plumes, assess the potential for movement of plumes across AFP4 and CAFB

boundaries, monitor changes in water table levels, check for free product and monitor its thickness,

monitor water quality in White Settlement municipal thinking water wells, and detect contaminants

seeping into surface waters (Jacobs Engineering 1991).

The results of the first sampling event (1991) revealed that the principle volatile organic compounds

(VOC) identified at AFP4 were TCE, cis-l ,2-DCE, and VC. The wells on the east flightline area and

the golf course area contained levels of TCE between 880 and 3,800 tg/l, and monitor wells LFO4-02,

LFO4-04, WPO7-1OA, LFO5-0l, and LFO5-5A were approximately aligned along the southeastern

projection of the plume. At that time, the plume defined on the AFP4 facility extended southeasterly onto

CAFB past LFO4-04 (Jacobs Engineering 1991).

The second quarterly sampling event results (February 1992) for CAFB landfill wells were comparable

to the first quarter results. The VOC results from the wells which are upgradient of the landfills were

lower than those downgradient, suggesting that the CAFB landfills were contributing TCE and DCE to

the AFP4 plume. It was noted that more upgradient wells on the flightline are needed to quantify this

contribution (Jacobs Engineering 1992). The high concentrations of TCE and DCE found in the unnamed

tributary to Farmers Branch on the far east side of the sample area supported Radian's description of the

tributary as "the principal pathway for offsite and offbase migration" (Radian Corporation 1991).

2.5 1993 Comprehensive Monitor Well Sampling Program

In May and June 1993 all accessible wells on both CAFB and AFP4 were sampled together for the first

time (Jacobs Engineering 1993) so that an accurate picture of groundwater contamination at a single time

could be established across the entire area; in addition a few surface water samples were collected from

creeks. Approximately 20 of the sample points were located east of Runway 197 near the golf course,

including ten which overlap GMI Phase I and Phase Il-west sampling areas (Figure 6). Three wells were
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located in the GMI 1993 north sampling area and none in the GM! 1993 south sampling area. The

monitor well data are generally consistent with both 1992 and 1993 GMI results in the golf course area

to the extent that they do not substantially alter plume boundaries, where defined, or the distribution of

relative concentration highs and lows. Absolute values are a function of sample location, laboratory

technique, collection and transportation methods, time lapse to analysis, temperature and pressure,

moisture level, etc., and are not expected to replicate exactly. The Jacobs Engineering data are too

sparse in the GM! north and south areas to support any comparison. The total number of sample sites

was 261, and it included 247 monitor wells, seven production wells, and seven surface water sites.

2.6 1993 Monitor/Extraction Well Installation along White Settlement Road

Eight groundwater recovery wells were installed along White Settlement Road in the area of LFO4 and

LFO5 during the spring of 1993 by International Technology Corporation (Figure 7); the facility for

treatment of water extracted from this and other areas is scheduled for installation in fall 1993. The work

was performed in two phases so that results from aquifer characterization tests on the first three wells

could be factored into the design and placement of the subsequent five wells. Locations for the second

set of wells were also based on TCE concentrations and the distribution of paleochannels as determined

from sand and gravel thicknesses observed in the subsurface. Water samples were collected from the first

three wells during the pump test and from the remaining five following installation and development.

Analyses showed that TCE values ranged from 580 g/l to 5,000 igf1 with all of the sample results above

analytic detection levels. This area was within GMI's Phase I program and proximal to the GMI Phase

II west sampling area. The nearest GMI Phase II penetrometer location to one of the extraction wells

is GMI-8W located approximately 600 feet south of well #CAR-RW1. GMI-8W was dry, and

sedimentologic comparison would be tenuous because of the distance between the two locations.

2.7 1992 Geo-Marmne, Inc. Phase I Investigation

In 1992 during Phase I GM! collected 32 groundwater samples (one was subsequently broken) using a

cone penetrometer at 90 locations selected by the USACE on and near the golf course for analysis for

purgeable halocarbons using method 8010. The purpose of the program was to determine the overall

dimensions and extent of the known TCE plume previously identified in the area. The results indicated

that the plume was only defined in the eastern direction where a row of points with non-detect (ND)
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results indicated that it had not yet migrated off-site across Pumphrey Road (Figure 8). The TCE plume

has spread laterally to the north where it extends outside the designated Phase I area onto other portions

of CAFB despite the reported east and south groundwater gradient directions. The extent of the plume

to the south was not determined because water samples could not be obtained south of White Settlement

Road. The inconsistency with which water was available for sampling was unexpected. The TCE values

appeared to have increased since the previous analyses, e.g., the peak value was 12,000 /Lg/l versus the

previously recorded high in the area of 6,400 g/l.

Recommendations for the Phase II portion of the project included a change in sampling equipment. The

difficulty in collecting water samples is not completely understood; however, it is believed to be a

combination of seasonal low water and slow recharge, failure in some locations to reach true bedrock

because of intervening thin isolated hard layers, and difficulty in accessing water trapped in sediment

lenses other than at the soil-bedrock interface. A conventional, truck-mounted drill rig was proposed to

auger small diameter soil borings to bedrock in the area south of White Settlement Road, while the cone

penetrometer would continue to be used in areas where it was previously successful. Water collection

would be delayed up to 24 hours in areas where water was not immediately available for sampling.

18
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Figure 8. Phase I TCE distribution in the golf course area
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3.0 FIELD PROCEDURES

3.1 Introduction

The USACE supplied GMI with three site maps of the sampling areas for Phase II. One of the maps,

referred to as the north (which includes the restricted flightline sites), had superimposed 500-foot by 500-

foot grids, while the south area map had a superimposed 300-foot by 300-foot grid. These were to be

used as guides for the location of the 140 penetrometer sample sites. The third map showed the five soil

boring locations along the east edge of the golf course south of White Settlement Road. Specific sample

sites were located by GMI personnel using a compass, measuring wheel, and known mapped points for

reference. Mr. Alan Flolo of the Base Disposal Agency coordinated the utility clearance efforts of base

personnel, public utilities, and private companies for each location.

Descriptive soil information and water samples were collected from the five soil borings by GMI

personnel. Water, where present, was sampled using a 1.66-inch diameter three-foot long stainless steel

bailer (Appendix A - Site Photographs). Water samples were transported to an off-site laboratory in 40-

milligram (mg) glass VOA vials on ice without any other preservatives.

Sample and data collection using a penetrometer rig was subcontracted to Fugro Geosciences, Inc. of

Houston, Texas, which had participated in Phase I. A hydraulically driven steel probe (a cone

penetrometer) was used to penetrate the unconsolidated surface material to point-of-refusal and to collect

sleeve friction and tip resistance data from which soil profiles are derived. Water samples collected from

penetrometer holes were analyzed on-site by a mobile gas chromatograph laboratory sub-contracted from

TEG of Austin, Texas. One-inch diameter PVC pipe with screen was set temporarily in each hole with

water or moist soil so that static water levels could be measured the next day.

Penetrometer components and sampling bailers were decontaminated between each station. All wash

water was collected in 55-gallon drums on site for later treatment and proper disposal. Drill cuttings

from the soil borings were stored and subsequently disposed of in a like manner. Following water level

measurement, the temporary casing was pulled from each hole and the holes were grouted to the surface.

All dry holes were also grouted to the surface.
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NDRC Laboratories of Richardson, Texas, a USACE-approved facility, analyzed water samples from the

soil borings for purgeable halocarbons and petroleum hydrocarbons using EPA method 8021. TEG

personnel performed the same analyses in the mobile laboratory on water samples from the penetrometer

holes with results available within one to five hours of sampling. Daily rinsate samples and trip blanks

were also analyzed. A duplicate sample for every 10 sampled sites was collected and shipped to USACE

SWDL in Dallas, Texas, as a quality assurance sample. Rinsate blanks and trip blanks were included

with each shipment of duplicates for quality control.

A Safety, Health, and Emergency Response Plan (SHERP) was developed and submitted to Mr. Randy

Niebuhr of the Fort Worth District USACE for approval by an industrial hygienist prior to the

commencement of Phase II field activities. A GMI safety officer was on site at all times to convene

safety meetings as needed and to assure compliance with the SHERP. Breathing zone air was monitored

for organic vapors using an HNu instrument at each sampling site following penetration and emplacement

of the temporary casing.

3.2 Sample Site Location and Utility Clearance

Sample site locations were marked in the north and south areas using the site maps supplied by the

USACE which included suggested grids with 500-foot spacing in the north-south and east-west directions

in the north area and 300-foot spacing in the north-south and east-west directions in the south area. The

five soil borings were located along the east side of the golf course south of White Settlement Road as

closely as possible to the locations indicated in the SOW. Grid points in the north, south, and west

sampling areas (Figure 9) were located using a compass and measuring wheel. Permanent structures such

as roads, buildings, and some fences were used as reference marks. Obstructions such as restricted areas,

utilities, streams, concrete and/or asphalt surfaces, structures, and golf course greens and fairways

resulted in deviation from the original grid. Individual locations were flagged and labeled with two-foot

high ½ by 2" wooden stakes. A surplus of locations was marked for utility clearance to cover the

possibility of non-clearance, shallow subsurface obstructions, or difficulty with site access. All sample

locations were surveyed, so that accurate maps and subsurface diagrams could be prepared.

The map of the north area supplied by the USACE in the SOW shows 34 sample locations. Forty were

originally staked, and 39 were initially used (Figure 10). Twenty-two of the sites were in the flightline,
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requiring special training for all GMI and Fugro personnel. The map of the south area supplied by the

USACE in the SOW shows 106 sample locations. Ninety-seven were originally staked, and 69 were

initially used, including 21 in the flightline area (Figure 11). Available roads, driveways, parking lots,

and runways provided ready access to all sites and minimized the potential for surface damage.

The rapid turnaround analytic data showing a row of sample sites with ND results permitted Mr. Niebuhr

of the USACE office to eliminate 19 sites east of Rogner Road, an area apparently contaminant-free. The

real-time data also showed that the TCE plume boundary had not been defined in the area immediately

to the east of sample sites 39, 40, and 41 in the north area. An additional seven sites were added to fill

in the gap in data. Other "surplus' locations were used to stake an additional nine sites directly south

of the south area as well as 20 sites on and near the golf course on the south side of White Settlement

Road in the "west area." Six sites, primarily to resolve questions of soil type and overburden thickness,

were located along the railroad spur between Clifford Road and Grants Lane south of AFP 4. Access

to most sites was readily available by road or parking area; cart trails were used for access to the golf

course to minimize damage to ground surface soil and vegetation and the shallow irrigation system.

The third map in the SOW showed five bore hole locations south of White Settlement Road and along

the west perimeter of the military housing area on Highway 183 south as far as the school/day care center

(Figure 12). These locations were readily accessed either from White Settlement Road or Dungan Street.

Following an earlier directive from Mr. Bobby Hernandez, Community Planner for CAFB, a minimum

distance of 100 feet was maintained from the several historic sites on the base (including buildings and

a small cemetery), and a minimum of 50 feet was maintained from occupied residences when holes were

to be pushed in grass areas so that any resultant ruts would not adversely impact the inhabitants. In other

areas, care was taken not to impact traffic flow by the sampling procedures.

GM! contacted the following utility representatives: Mary Reynolds (CAFB Plumbing Shop), Ricky

Palacios (CAFB golf course maintenance), Sgt. Walker (CAFB Communications), Ron Allen (CAFB

Electrical and Fuel Maintenance), Syed Zaidi (Water Department, City of Fort Worth), Larry Davis

(Lone Star Gas Co.), Dale Fissler and John Young (Engineering Division, City of Fort Worth), Paul

Bounds (Director of Public Utilities, City of White Settlement), Gary Melton (TU Electric), and Luis

Cardoza (SM & P Conduit Co., locator for Southwestern Bell Telephone). Maps were provided with
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underground utilities marked including gas lines, water lines, sewer lines (storm and sanitary), phone

cables, and liquid fuel pipelines. A map of the golf course irrigation system was also provided.

However, each flagged location was checked individually by the relevant utilities to assure non-impact

and safety. Where appropriate, subsurface utilities were located with colored flags and/or lines spray-

painted on the ground surface.

Golf course personnel were consulted because of the complexity of the several generations of irrigation

systems. These systems can be broken merely by driving over them because of the generally shallow

depths and the inherent weakness of small diameter, thin-shelled PVC pipe. The other subsurface

conduits require actual penetration to sustain damage. During Phase II no subsurface utilities were hit

and damaged by either the drill rig or the penetrometer.

3.3 Soil Boring Operations

The five bore holes were drilled by GM! using a truck-mounted Simco model 2800 drill rig with 7-5/8"

outside diameter hollow stem augers. The holes were drilled either five feet into the water bearing zone

or to limestone bedrock, whichever was encountered first. In order to measure static water levels, 2"

or 4" schedule 40 PVC pipe was temporarily installed with five to 15 feet of screen at the base of each

hole with signs of moisture. Casing was removed and each hole grouted to surface within 24 hours.

Core barrels, drill stem, and samplers were deconned between each location. Drill cuttings were

collected and drummed, and the drums were stored at a location at CAFB specified by Mr. Alan Flolo,

pending analysis and appropriate disposal off base.

3.3.1 Soil Descriptions

Two borings (#3 and #2) were cored continuously, so that cored samples could be described in detail.

Soil profiles for the other three (#1, #4, and #5)were prepared from examination of the drill cuttings plus

the driller's observations (Appendix B). The described soil logs also recorded the depth to water, hard

layers encountered while drilling, color changes, cohesivity, drilling parameters, and other unusual

features. Penetrometer logs were generated at holes which directly offset two of the soil borings (GM!-

3SB and GMI-4SB) to provide a basis for comparison for the electronic soil profiles generated by Fugro

at each of the 140 penetrometer sites,
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Water, when encountered during driffing, was sampled immediately after total depth (TD) was reached,

using a 1 .66-inch diameter stainless steel bailer and emptied directly into three 40-ml vials per location

for analyses. Initially damp holes were checked for water the next day when static water levels were

measured. Water samples were checked for color, odor, and turbidity. Samples were sealed only after

an undisturbed meniscus was visible. Following capping, each vial was carefully checked for bubbles;

if any were found, the sample was retaken. NDRC Laboratories performed the chemical analyses (EPA

method 8021); both NDRC and the USACE SWDL analyzed duplicates taken for every ten samples.

Each sample was individually labeled as to site designation, date, time, and sampler and sealed in the

field. Samples were immediately wrapped in bubble wrap to protect from breakage and stored in ice-

filled coolers for daily transportation to the two laboratories. At laboratory recommendation and with

USACE approval, no preservative other than ice was used; this was the practice followed during Phase

I. Chain-of-custody forms were prepared for all samples noting time and date of sampling with

continuous custody documented by signatures with date and time. Copies of the forms are included with

the analytic results in Appendix C.

3.4 Cone Penetrometer Locations

Hole penetration and data and sample collection were conducted by equipment and personnel from Fugro

(see Appendix A). The patented truck-mounted cone penetrometer system is hydraulically driven with

a maximum pushing force of 20 tons. The probe is two-inches in diameter and has a stainless steel

friction cone at the tip equipped with an array of sensors. It is driven into the ground at a constant rate

of two centimeters per second (cps) which can penetrate most soils and some soft weathered rock. Probe

refusal and instrument response generally indicate fresh bedrock. The cone and pipe are removed and

one-inch diameter PVC casing with a five-foot screened interval at the base temporarily installed for

immediate water sampling and later static water level measurement. The casing is removed, usually the

next afternoon, and the hole grouted to the surface.
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3.4.1 Subsurface Delineation

The patented Fugro friction cone measures two physical parameters while pushing through the soil

column to bedrock, namely friction against the sleeve of the probe and resistance against the tip. These

two parameters are digitally collected and soil types, primarily defined by grain size(s), are interpreted

from their ratio (friction/tip resistance) (Appendix D). At two of the borehole locations, both visual and

electronic soil descriptions were available so that the electronic curve could be standardized against the

distribution of soil types commonly present in the CAFB area. The interpreted soil profiles are used to

trace soil types and boundaries across the project areas, especially the presence of relatively permeable

paleochannels which might provide preferential migration pathways for groundwater and contaminants.

3.4.2 Water Sampling

When TD was reached, the probe and pipe were pulled out of the hole. If water had been encountered,

it was sampled immediately using a small diameter bailer. If the hole was bottomed on bedrock and was

initially dry or only moist, it was sampled at the time of static water level measurement the next day, if

sufficient water had accumulated in the interval. If still dry, the hole was designated "dry" and plugged.

Occasionally sufficient water accumulated in a "moist" hole overnight for sampling; however, initially

dry holes invariably remained dry'.

Water samples were checked for color, odor, and turbidity and then emptied directly into 40-mi VOA

glass vials used to transport the samples to the laboratories. As with the bore hole samples, they were

sealed only when an undisturbed meniscus was visible, and following capping each vial was carefully

checked for bubbles. TEG Laboratories did the analyses on-site within one to five hours with the sample

refrigerated in the interim. Both TEG and the USACE SWDL analyzed duplicates taken for every ten

samples.

Each sample was individually labeled as to site designation, date, time, and sampler and sealed in the

field. Samples were immediately wrapped in bubble wrap to protect from breakage and stored in ice-

filled coolers for transportation to the laboratories; samples were usually delivered to TEG within two

hours of being collected and to USACE SWDL within three days of collection. Chain-of-custody forms
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were prepared for all samples noting time and date of sampling with continuous custody documented by

signatures with date and time. Copies of the forms are included with the analytic results in Appendix C.

3.5 Sample Analyses

Per the SOW, all samples sent to either lab were analyzed using EPA method 8021 for volatile organics.

EPA method 8021 is a gas chromatographic method which can identify a large number of analytes,

including TCE and its degradation products, as well as BTEX. Halogenated solvents and hydrocarbons

(fuels) have both been identified as groups of compounds of concern in the area. In particular, TCE, its

breakdown product VC, and benzene, an indicator of both jet fuel and gasoline, are proven carcinogens

(Proctor, et al. 1989). All sample preparation and analyses were done within the maximum allowable

holding time of 14 days.

3.6 Static Water Level Measurement and Hole Closure

One-inch diameter casing with five feet of screen at the base was placed in each hole with signs of

moisture, whether or not it initially encountered free water. The casing was emplaced by hand where

possible; if the hole slumped or bridged, a disposable 2.2-inch "dummy" tip was used with the push-in

water sampler (GMF) casing to reopen the hole. The PVC casing was then installed from inside the

GMF casing with the disposable tip left in the hole when the pipe was withdrawn. The tops of the casing

were temporarily closed with a slip-on cap to prevent accidental placement of foreign material into the

hole. Occasionally the surface was sealed with bentonite and plastic sheeting if rain were in the forecast.

The following day the unplugged holes were visited and reopened in order of completion, and static water

levels measured from ground surface with a Well Wizard Water Level Meter Model 6000 wherever water

was present. At this time samples were taken from previously unsampled holes where water had

accumulated. Using the survey data for locations and surface elevations, the elevation of water across

the project areas was determined (see Section 4.3).

3.7 Quality Control

Field procedures were carried out in a systematic manner by trained, experienced, and properly equipped

individuals to assure consistency in data collection. Breathing zone air measurements, done at each
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sample location for the protection of the crew, were performed at the same point in the data collection

sequence with the same equipment by a GMI employee. The equipment, HNu model P1-101, was

calibrated each morning, and the zero point was checked frequently during the day. Project meetings and

field activities are described chronologically in a complete field notebook maintained on site at all times.

A copy of the notebook is included as Appendix E.

3.7.1 Sampling

Rinsate samples for both laboratories FEG and USACE SWDL) were prepared daily by collecting

deionized water used for the final rinse of the sampling equipment decon procedures. Each cooler of

samples transported to the USACE SWDL also included a trip blank which was prepared using deionized

water tested and approved by the lab and transported in the same type of 40-mi glass vial under the same

conditions as the field-collected samples. A pair of duplicate samples was collected for each tenth

sample; one sample was submitted to the TEG on-site mobile laboratory; the second was analyzed by the

USACE SWDL per the SOW.

3.7.2 Analytic

Documentation of laboratory QAIQC procedures, as required by the USACE, are included with the

analytic results in Appendix C.

3.8 Decontamination

All equipment which came in contact with the water samples, and therefore had the potential to be

contaminated, was decontaminated between each sample station to avoid cross contamination. Cone tips,

protective steel casing and steel well screen sections, and samplers were cleaned with hot water and

alconox, an approved detergent. New PVC screen was used in each penetrometer hole for sampling and

static water level measurement. Used PVC pipe and screen was deconned per Texas Natural Resource

Conservation Commission (TNRCC) directives prior to disposal. All wash water was retained in closed

and labeled 55-gallon metal drums at CAFB at a location specified by Base Closure Office personnel.
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Other cross contamination-minimization precautions included: (1) the use of disposable surgical gloves

by those handling the sample and (2) grouting all holes as soon as possible after the temporary casing had

been pulled in order to protect other horizons from possible exposure to contaminated groundwater.

3.9 Disposal

Following the SOW all solid and liquid waste generated during the Phase II sampling has been placed in

55-gallon drums and temporarily stored at CAFB in a locked and fenced location specified by Mr. Alan

Flolo of the Base Disposal Agency; this did not include the PVC pipe used for temporary casing. The

pipe was decontaminated and transported back to GM! at the close of the field phase for proper disposal

which is now pending receipt of paperwork from the TNRCC. The drum inventory included five drums

of soil cuttings from the soil borings, one drum of wash water from the decon operations associated with

the five soil borings, and three drums of wash water from the decon operations associated with the 140

penetrometer sampling sites.

3.9.1 Soil Boring Cuttings

The contents of five drums of drill cuttings were sampled for analysis by Mr. Bruce MacDonald of Heat

Energy Advanced Technology, Inc. (HEAT) on August 18, 1993. HEAT removed the drums, which are

classified as containing the same waste stream, on September 15, 1993, for disposal by incineration.

Copies of the documentation are in Appendix F.

3.9.2 Decon Water

The contents of four drums of decon water were sampled for analysis by Mr. Bruce MacDonald of HEAT

on August 18, 1993. HEAT removed the drums, which are classified as containing the same waste

stream, on September 15, 1993, for appropriate disposal. Copies of the documentation are in

Appendix F.

32



3.10 Safety, Health, and Emergency Response

Prior to the initiation of the Phase II field activities, a SHERP was prepared for approval by USACE

industrial hygiene personnel. The SHERP addressed the subjects of designated safety personnel,

required/recommended personal protective equipment (PPE), breathing air monitoring procedures and

allowable limits, characteristics of anticipated contaminants (including the Material Safety Data Sheets

[MSDS]), and applicable certifications for field personnel. The SHERP also included plans to be used

in the case of an emergency including key names and phone numbers, directions to the nearest hospital

with appropriate care facilities, and reference to the hospital route map which was kept at all times in

each vehicle.

Prior to the initiation of Phase II sampling, a site safety meeting was held and attended by all field

personnel to discuss pertinent safety issues and assure that all members had reviewed the SHERP and

were familiar with the hospital route. Additional safety issues discussions were convened by the Site

Safety Officer on an "as needed basist'. A complete copy of the SHERP is included as Appendix G.

Per the SOW the breathing zone air was monitored at each sample location for volatile organics for the

protection of the field crew and others in the area. The instrument used was an HNu model #PI-l0l

which measures total organic vapors in parts per million (ppm). Although it does not identify specific

compounds, elevated readings (those above 2 ppm) would provide an indication of possible concern. The

decision of whether or not to instruct the crew to use air purifying respirators (APR) with chemical filter

cartridges would be made by the Site Safety Officer. All field personnel had APRs available during the

sampling phase of the project; however, their use was never warranted as the HNu readings in the

breathing zone never exceeded the 2 ppm action level. If readings had exceeded 5 ppm, the Site Safety

Officer would have evacuated the immediate area, including both field personnel and others nearby (such

as CAFB personnel or visitors).

Flightline training at CAFB is required for any person working on or near any of the runways or

taxiways. This training includes an illustrated lecture and a tour of the areas under the jurisdiction of this

training. The key elements of the training are: (1) aircraft always has the right-of-way, (2) posted speed

limits are strictly enforced, and (3) red lines painted on the pavement indicate restricted areas and are not

to be crossed by either individuals or vehicles. GMI and Fugro staff members who worked on the
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flightline section of the project underwent this training and received the necessary clearance passes. The

mobile laboratory was never required in the flightline area, and so TEG personnel did not undergo the

training.
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4.0 DISCUSSION AND INTERPRETATION OF FINDINGS

4.1 Introduction

Five soil boring locations and 140 cone penetrometer locations were completed for subsurface information

and water samples. Two of the penetrometer locations directly offset two of the soil borings to aid in

calibrating the derived soil profiles with the observed local soil section. At each sample station the soil

profile from ground surface to point of penetrometer refusal was recorded and, where water was

encountered, a sample was collected and the static water level measured.

Water samples from three soil boring and 88 penetrometer locations were submitted for laboratory

analyses using EPA method 8021 (Table 1). Water was not encountered at the other two soil boring

locations and 52 penetrometer sites; real-time data provided by the on-site laboratory allowed a number

of the initially staked sample sites to be moved to other areas, specifically along the eastern margin of

the north area and in the golf course (west area), for better definition of the contaminant plume(s). In

addition six of the locations were moved to the railroad spur south of AFP4 between the western frontage

road to Grants Lane and Clifford Avenue for subsurface stratigraphic delineation.

EPA method 8021 supplies analytic results for 18 purgeable halocarbons and four petroleum

hydrocarbons; these include the nine halocarbon compounds and four petroleum hydrocarbons of interest

specified in the SOW. Three of the nine halocarbons (cis- 1,2 dichioroethene [DCE}; trans-i ,2-DCE; and

trichioroethene [TCE];) as well as the four petroleum hydrocarbons (benzene [13], toluene [TI, ethyl

benzene [E], and xylenes [X]) had results elevated above their respective laboratory detection limits at

one or more locations. Results for the remaining six compounds of interest (1,1 DCE; vinyl chloride

[YC]; 1,1 -dichloroethane [DCA]; 1,1,1 -trichloroethane [TCA]; 1,1 ,2-TCA; and tetrachloroethane [PCE])

were ND for all compounds at all sample sites. No other compounds of the purgeable halocarbon family

which were tested had elevated values at any location in the project area (see Appendix C).

The results obtained for the north area established the TCE plume boundaries on the north and east

toward Lake Worth and Rogner Road, respectively, while the plume is open to the south and west. The

south area, which overlaps a small portion of the 1992 Phase I project area, has TCE plume boundaries

defined on the north, east, and southeast, with the plume open to west and southwest. The west area,

35



TABLE 1

SUMMARY OF SAMPLE ACQUISITION AND RESULTS

.4
.1.

[ Location No.'

L
Drilled or
Punched2

Sampled
(Date)

Results (Compound[sl Listed Where Present)

GMI-O1SB yes 7/28/93 cis-DCE, TCE

GMI-O2SB yes 7/28/93 TCE

GMI-O3SB yes 7/28/93 &
8/09/93

none

GMI-O4SB yes no

GMI-O5SB yes no

GMI-1N yes 8/18/93 none

GMI-2N yes no

GMI-3N yes no

GMI-4N yes 8/19/93 none

GMI-5N yes 8/20/93 none

GMI-6N yes no

GMI-7N yes 8/23/93 none

GMI-8N no

GMI-9N no

GMI-1ON no

GMI-11N no

GMI-12N yes no

GMI-13N no

GMI-14N yes 8/23/93 none

GMI-15N no3

GMI-16N no3

GMI-17N no3

GMI-18N no3

GMI-19N yes no
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TABLE 1 (CONT'D) 1(t)

SUMMARY OF SAMPLE ACQUISITION AND RESULTS

Location No.' Drilled or
Punched2

Sampled
(Date)

Results (Compound[s] Listed Where Present)

GMI-20N yes 8/20/93 none

GMI-21N yes no

GMI-22N yes no

GMI-23N yes 8/24/93 TCE

GMI-24N yes 9/01/93 TCE

GMI-25N no3

GMI-26N yes 8/12/93 none

GMI-27N yes 8/20/93 none

GMI-28N yes 8/31/93 none

GMI-29N yes 8/23/93 none

GMI-30N yes 8/24/93 none

GMI-3 iN yes 9/01/93

GMI-32N yes 9/01/93

GMI-33N yes 9/01/93

GMI-34N yes no

GMI-35N yes 8/20/93 none

GMI-36N yes 8/31/93 none

GMI-37N yes 9/03/93 none

GMI-38N yes no

GMI-39N yes 9/01/93

GMI-40N yes 9/01/93

GMI-41N yes 9/01/93

GMI-42N yes 9/01/93 TCE

GMI-43N yes 9/01/93 none

GMI-44N yes 9/02/93 none
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TABLE 1 (CONT'D)

SUMMARY OF SAMPLE ACQUISITION AND RESULTS

38

- i 4- ,L. i'±j

Location No.1 Drilled or
Punched2

Sampled
(Date)

Results (Compound[s] Listed Where Present)

GMI-45N yes 9/02/93 none

GMI-46N yes 9/02/93 none

GMI-47N yes 8/23/93 TCE

GMI-48N yes 8/23/93 TCE

GMI-49N yes 8/23/93 cis-DCE, TCE

GMI-50N yes no

GMI-51N yes 9/09/93 trans-DCE, cis-DCE, TCE

GMI-52N yes 9/09/93 trans-DCE, cis-DCE

GMI-53N yes 9/09/93 none

GMI-54N yes no4

GMI-55N yes no

GMI-56N yes 9/09/93 none

GMI-1S yes 8/16/93 cis-DCE, TCE

GMI-2S yes 8/09/93 cis-DCE, TCE

GMI-3S yes no

GMI-4S yes 8/12/93 cis-DCE, TCE

GMI-5S yes 8/12/93 cis-DCE, TCE

GMI-6S yes 8/12/93 TCE

GMI-7S yes no

GMI-8S yes no

GMI-9S yes 8/12/93 cis-DCE, TCE

GMI-1OS yes no

GMI-llS no3

GMI-12S yes 8/09/93 TCE

GMI-13S yes no



TABLE 1 (CONT'D)

SUMMARY OF SAMPLE ACQUISITION AND RESULTS

1?204 I

Location No.' Drilled or
Punched2

Sampled
(Date)

Results (Compound[s] Listed Where Present)

GMI-14S yes 8/13/93 cis-DCE, TCE

GMI-15S yes no

GMI-16S yes 8/13/93 TCE

GMI-17S yes no

GMI-18S yes 8/10/93 cis-DCE, TCE

GMI-1 9S yes no

GMI-20S yes 8/13/93 cis-DCE, TCE

GMI-21S no3

GMI-22S yes 8/13/93 cis-DCE, TCE

GMI-23S no3

GMI-24S yes no

GMI-25S yes 8/10/93 cis-DCE, TCE

GMI-26S yes 8/10/93 cis-DCE, TCE

GMI-27S yes 8/17/93 trans-DCE, cis-DCE, TCE

GMI-28S
-

yes 8/13/93 none

GMI-29S yes no

GMI-30S no3

GMI-31S no3

GMI-32S yes no

GMI-33S yes no

GMI-34S yes 8/17/93 none

GMI-35S yes no

GMI-36S yes 8/16/93 TCE

GMI-37S yes 8/16/93 none

GMI-385 yes 8/16/93 none
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TABLE 1 (CONT'D) 1?243
SUMMARY OF SAMPLE ACQUISITION AND RESULTS

Location No.' Drilled or
Punched2

Sampled
(Date)

Results (Compound[s] Listed Where Present)

GMI-39S no

GMI-40S yes no

GMI-41S no

GMI-42S yes 8/17/93 none

GMI-43S no

GMI-44S yes no

GMI-45S yes no

GMI-46S yes no

GMI-47S no3

GMI-48S no3

GMI-49S no

GMI-50S yes no

GMI-5 iS yes 8/11/93 none

GMI-52S no3

GMI-53S yes no

GMI-54S yes 8/17/93 none

GMI-55S yes 8/17/93 none

GMI-56S yes 8/17/93 none

GMI-57S yes 8/19/93 none

GMI-58S yes 8/19/93 none

GMI-59S yes 8/18/93 none

GMI-60S yes 8/11/93 none

GMI-61S yes 8/11/93 none

GMI-625 yes 8/11/93 none

GMI-635 yes 8/10/93 none
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TABLE 1 (CONT'D)

SUMMARY OF SAMPLE ACQUISITION AND RESULTS

_1. i±

Location No.' Drilled or
Punched2

Sampled
(Date)

Results (Compound[s] Listed Where Present)

GMI-64S no

GMI-65S no

GMI-66S yes 8/19/93 none

GMI-67S no3

GMI-68S no3

GMI-69S no

GMI-70S yes 8/12/93 none

GMI-7 15 yes no

GMI-72S yes 8/12/93 none

GMI-73S yes 8/17/93 none

GMI-74S yes 8/17/93 none

GMI-755 yes 8/18/93 E

GMI-76S yes 8/18/93 none

GMI-77S yes 8/18/93 none

GMI-78S yes 8/18/93 none

GMI-79S no

GMI-80S no

GMI-81S no

GMI-82S yes 9/08/93 none

GMI-83S yes 8/18/93 B, E

GMI-84S yes 8/18/93 B, T, E, X

GMI-85S yes 8/18/93 none

GMI-86S yes 8/18/93 none

GMI-875 no3

GMI-88S yes 8/18/93 none
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TABLE 1 (CONT'D)

SUMMARY OF SAMPLE ACQUISITION AND RESULTS

l?2j

Location No.' Drilled or
Punched2

Sampled
(Date)

Results (Compound[s] Listed Where Present)

GMI-89S no

GMI-90S no

GMI-91S no

GMI-92S no

GMI-93S no

GMI-94S yes 8/19/93 none

GMI-95S yes 8/19/93 none

GMI-96S no

GMI-97S no

GMI-98S no

GMI-99S no

GMI-100S no

GMI-1O1S no

GMI-102S no

GMI-103S no

GMI-104S no

GMI-105S no

GMI-106S no

GMI-107S no

GMI-108S no

GMI-109S no

GMI-11OS no

GMI-111S no

GMI-112S no

GMI-113S no

42



TABLE 1 (CONT'D)

SUMMARY OF SAMPLE ACQUISITION AND RESULTS

Location No.1 Drilled oj
Punched2

Sampled
(Date)

Results (Compound[s] Listed Where Present)

GMI-1W no

GMI-2W no

GM!-3W no

GMI-4W yes yes TCE

GMI-5W yes no

GMI-6W yes no

GMI-7W yes no

GMI-8W yes no

GMI-9W yes no

GMI-1OW yes no

GMI-11W yes no

GM!- 12W yes no

GMI-13W yes no

GMI-14W yes no

GM!- 15W yes no

GM!- 16W yes no

GMI-17W yes no

GMI-18W yes yes none

GMI-19W yes no

GMI-20W yes yes none

GMI-21W yes no

GMI-22W no

GMI-23W yes no

GMI-24W no

USGS-i yes5 no
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TABLE 1 (CONT'D)

SUMMARY OF SAMPLE ACQUISITION AND RESULTS

I
.J_.

Location No.' Drilled or
Punched2

Sampled
(Date)

Results (Compound[s] Listed Where Present)

USGS-2 yes5 no

USGS-3 yes5 no

USGS-4 yes5 no

USGS-5 yes5 no

USGS-6 yes5 no

1 N, S, and W in the location name refer to the north, south, or west sampling areas on CAFB; USGS
holes are located along a railroad spur south of AFP4.

2 Sites marked SB were drilled; remainder were punched. Sites GMI-O3SB and GMI-O4SB were drilled
and subsequently "twinned" with the penetrometer.

Holes were staked, but not surveyed or punched/drilled.

Holes had sufficient water for static level measurement, but not for sampling.

Holes labelled USGS because of U.S. Geological Survey (USGS) interest in the shallow sub-surface
stratigraphy in this area

6 Holes were staked and punched, but not surveyed because of the remote location compared to the other
sampling areas

added when real-time data made sample sites available, is in the golf course along and south of White

Settlement Road. This overlays the area of 1993 soil boring and also part of the 1992 grid where no

water could be sampled; data were again too sparse to identify a plume boundary to the south with any

degree of confidence.

Analyses for TCE and 17 other purgeable halocarbon compounds plus BTEX under EPA method 8021

demonstrated a general consistency in distribution of elevated values of TCE and the TCE degradation

product cis- 1 ,2-dichloroethene (DCE). One other TCE degradation product (trans-i ,2-DCE) plus the four
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hydrocarbons showed isolated elevated spikes. The other halocarbons were all ND. Where project areas

overlap, peak concentrations generally are comparable to values measured by others in 1993 (International

Technology Corporation and Jacobs Engineering) and measured by GMI in 1992, although there are a

few exceptions.

4.2 Subsurface Stratigraphy

Previous work (Radian Corporation 1991; Hargis and Associates 1989) has suggested that one or more

paleochannels exist in the shallow subsurface under the project area which provide preferential conduits

for both groundwater and contaminant migration. These channels in places reportedly cut into the local

bedrock of limestone and marl; they are filled with relatively coarse, unconsolidated elastics, dominantly

sands and gravels, which were carried into the area as well as derived locally. The objective of the

subsurface delineation component of the SOW was to describe the soil types encountered as well as the

water depths and characteristics.

The soil profiles are developed from two physical parameters recorded digitally while the cone

penetrometer is being pushed from ground surface to point-of-refusal. The two parameters are tip

resistance measured at the tip of the cone and friction measured along the sleeve of the probe. Both are

quantified in the same unit, tons per square foot, and friction divided by tip resistance results in a ratio

which generally falls within the range of 0% to 10%. The ratio corresponds to a single soil or to a mix

of soil textural types which is plotted in profile next to the three curves. In general terms, values over

5 or 6% are clay-rich, while values under 1 or 2% are sand and gravel (see Appendix D for annotated

profiles). Intermediate values are interpreted as mixtures of different grain size sediments.

The cones are not calibrated specifically to different sites, and so direct comparison with an actual local

soil profile is advisable; this was done at two locations, GMI-03SB and GMI-O4SB, where recently drilled

and described bore holes were closely offset (less than five feet) by the penetrometer truck (Figure 13).

The two pairs of soil profiles are similar with regard to major shifts in grain size, especially GMI-O4SB.

The smaller scale textural variations are less consistently tracked; however, the purpose of the

penetrometer curves is to identify the location and extent of coarser sediments which may indicate stream

channel deposits and preferential migration pathways.
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There are six other examples of visually described soil profiles located within 250 feet of penetrometer

soil profiles. At GMI soil borings #1 and #2, there are 1993 GMI penetrometer locations 100 to 230 feet

away. Soil boring #1 and penetrometer location 4W have a similar section (sand is dominant below

approximately five feet) and TD (25 feet). They both had water which contained TCE. Soil boring #2

and penetrometer locations 5W and 16W may explain some of the dry holes, because they both bottomed

at the approximate depth of hard layers identified in the soil column. The soil boring had water while

both shallower penetrometer holes did not.

At an additional four penetrometer sites in the south area, general (i.e., sand versus fines) soil

descriptions were available from nearby (up to 170 feet away) soil borings done by Radian Corporation

(1991). The comparisons between GMI-66S and Radian 17CI17B and between GMI-56S and Radian l7A

are not exact, but comparisons between GMI-74S and Radian 17F and between GMI-75S and Radian 17G

show comparable depths for the clay to sand boundaries.

The degree of correlation of textural changes in sediments in adjacent logs in cross section format varies

across the three sampling areas (north, south, and west) both in the reported general direction (west-east)

of the paleochannel axes and across strike, i.e. perpendicular to them (north-south). This is consistent

with lensing sands encased in finer-grained sediments (and vice versa) which is typical of fluvial

sedimentation processes (Figures 14, 15, 16, 17, 18, and 19). Unambiguous channel margins were not

identified in the project areas; they may not be consistently defined by a lateral shift from sand and

gravel-sized particles to silt and clay-size which would be represented by a thinning in the sand section

(Table 2). Clay and silt size particles generally have lower porosity and permeability and do not transmit

fluids as readily as the coarser-grained sediments. However, during this project several examples were

seen of clay-rich holes which produced water for samples and water level measurements and of sand-rich

holes which were dry, even when left open overnight. Channels can also be defined by linear depressions

scoured into the bedrock by stream action. However, many penetrometer holes did not reach bedrock,

so this delineation method is not applicable here.

Six holes were punched along a 4,000-foot section of railroad spur between Clifford Road and Grants

Lane south of AFP4 (see Figure 9). The purpose of these holes was to determine if they lay within the

bounds of a paleochannel. All six were dry (depth range: 2.5 to 16.5 feet), but three had relatively well

developed sand sections. A cross-section of these holes was not constructed, because they were not
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Figure 18. Location of sedimentologic cross sections in the west area
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TABLE 2

SUMMARY OF SEDIMENTOLOGIC DATA

d•' )
' p..,•

Location No.' Elevation (ft.) Depth to
Basal Sand

Sand Thickness Elev. Top
of Sand

Elev. Base
of Sand

GMI-O1SB 613.2 5 20 608.2 588.2

GMI-O2SB 615.4 6 18 609.4 591.4

GMI-O3SB 614 1 24 613 589

GMI-O4SB 626.5 16 9 610.5 601.5

GMI-O5SB 637.5 24.5 5.5 613 607.5

GMI-1N 619.6 8 4.5 611.6 607.1

GMI-2N 618.3 9.5 2.5 608.8 606.3

GMI-3N 618.3 * 0 * *

GMI-4N 615.8 * 0 * *

GMI-5N 615.3 * 0 * *

GMI-6N 602.2 * 0 * *

GMI-7N 618.5 11 7 607.5 600.5

GMI-12N 611.6 * 0 * *

GMI-14N 615.4 19 9 596.4 587.4

GMI-19N 609.3 10.5 8.5 598.8 590.3

GMI-20N 608.8 8 11 600.8 589.8

GMI-21N 606.8 9.5 8.5 597.3 588.8

GMI-22N 610.8 15 7 595.8 588.8

GMI-23N 607.6 14 6.5 593.6 587.1

GMI-24N 610.9 15.5 8 595.4 587.4

GMI-26N 605.7 8 11 597.7 586.7

GMI-27N 605.3 1 18 604.3 586.3

GMI-28N 605.6 13 5.5 592.6 587.1

GMI-29N 606.9 10 13 596.9 583.9

GMI-30N 607.3 12.5 13.5 594.8 581.3
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TABLE 2 (CONT'D)
1?23j

SUMMARY OF SEDIMENTOLOGIC DATA

[ Location No.1

L
Elevation (ft.) T Depth to

Basal Sand
Sand Thickness Elev. Top

of Sand
Elev. Base

of Sand

GMI-31N 606.9 12 10.5 594.9 584.4

GMI-32N 600.6 10.5 4.5 590.1 585.6

GMI-33N 606.9 11 8 595.9 587.9

GMI-34N 604.8 * 0 * *

GMI-35N 603.5 12.5 4 591 587

GMI-36N 604.9 9.5 6 595.4 589.4

GMI-37N 602.9 14.5 11 588.4 577.4

GMI-38N 607 15.5 3.5 591.5 588

GMI-39N 603.9 17 6 586.9 580.9

GMI-40N 596.6 0.5 14 596.1 582.1

GMI-41N 595.9 9.5 25 586.4 561.4

GMI-42N 600.3 9 8.5 591.3 582.8

GMI43N 603.8 13 7 590.8 583.8

GMI-44N 601.3 5 5 596.3 591.3

GMI-45N 601.7 9.5
—

5.5 592.2 586.7

GMI-46N 603.4 12 7.5 591.4 583.9

GMI-47N 614 11.5 14.5 602.5 588

GMI-48N 617.1 13.5 0.5 603.6 603.1

GMI-49N 625.9 6.5 12.5 619.4 606.9

GMI-50N 604 12 16.5 592 575.5

GMI-51N 603 10 9.5 593 583.5

GMI-52N 595.6 6 7 589.6 582.6

GMI-53N 594 7 6.5 587 580.5

GMI-54N 598.2 5.5 6.5 592.7 586.2

GMI-55N 583.2 * 0 * *
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TABLE 2 (CONT'D)

SUMMARY OF SEDIMENTOLOGIC DATA

Location No.1 Elevation (ft.) Depth to [ Sand Thickness

BasalSand__L

Elev. Top
of Sand

Elev. Base
of Sand

GMI-56N 588.5 6 3.5 582.5 579

GMI-1S 614.1 9.5 10 604.6 594.6

GMI-2S 602.3 8.5 3.5 593.8 590.3

GMI-3S 610.5 18 4 592.5 588.5

GMI-4S 612.8 22.5 2 590.3 588.3

GMI-5S 601.6 5 8 596.6 588.6

GMI-6S 610 20 5.5 590 584.5

GMI-7S 612 11.5 6.5 600.5 594

GMI-8S 617.6 18.5 22 599.1 577.1

GMI-9S 609.3 15.5 8 593.8 585.8

GMI-1OS 609.3 * 0 * *

GMI-12S 598.5 10.5 6 588 582

GMI-13S 603.6 * 0 * *

GMI-14S 606.3 13 7.5 593.3 585.8

GM1-15S 605.8 16 1.5 589.8 588.3

GMI-16S 607.8 14 9 593.8 584.8

GMI-17S 585.9 * 0 * *

GMI-18S 595.8 10.5 2 585.3 583.3

GMI-19S 600.9 * 0 600.9 600.9

GMI-20S 600.4 15.5 4.5 584.9 580.4

GMI-22S 608 15 22 593 571

GMI-24S 582.8 * 0 582.8 582.8

GMI-25S 589.5 1.5 8.5 588 579.5

GMI-26S 591.2 6.5 3 584.7 581.7

GMI-27S 599.1 15 3 584.1 581.1
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TABLE 2 (CONT'D)

SUMMARY OF SEDIMENTOLOGIC DATA

Location No.' Elevation (ft.) Depth to
Basal Sand

Sand Thickness Elev. Top
of Sand

Elev. Base
of Sand

GMI-28S 602.2 16.5 6 585.7 579.7

GMI-29S 606.9 * 0 * *

GMI-32S 578.4 6.5 0.5 571.9 571.4

GMI-33S 583.4 * 0 * *

GMI-34S 599.8 10 6.5 589.8 583.3

GMI-35S 602.6 * 0 * *

GMI-36S 604.4 11.5 4.5 592.9 588.4

GMI-37S 603.5 20 3.5 583.5 580

GMI-38S 600.3 * 0 * *

GMI-40S 569.4 * 0 * *

GMI-42S 592.6 * 0 * *

GMI-44S 601.9 * 0 * *

GMI-45S 597.6 * 0 * *

GMI-46S 598.6 * 0 *

GMI-50S 593.2 1.5 5.5 591.7 586.2

GMI-51S 574.1 * 0 *

GMI-53S 586.7 * 0 * *

GMI-54S 589.8 24.5 0.5 565.3 564.8

GMI-55S 584.3 20 1.5 564.3 562.8

GMI-56S 582.8 * 0 *

GMI-57S 581.5 20.5 5 561 556

GMI-58S 586.5 * 0 *

GMI-59S 587.8 * 0 *

GMI-60S 593.4 * 0 593.4 593.4

GMI-61S 569.5 10 4 559.5 555.5
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TABLE 2 (CONT'D)

SUMMARY OF SEDIMENTOLOGIC DATA 1'
Location No.1 Elevation (ft.) Depth to

Basal Sand
Sand Thickness Elev. Top

of Sand
Elev. Base

of Sand

GMI-62S 565.4 * 0 * *

GMI-63S 577.2 15 8 562.2 554.2

GMI-66S 575.2 15 4 560.2 556.2

GMI-70S 568 10 3 558 555

GMI-71S 565.8 3 8 562.8 554.8

GMI-72S 574.8 16 3 558.8 555.8

GMI-73S 573.3 9 8 564.3 556.3

GMI-74S 573.5 11 12 562.5 550.5

GMI-75S 572.6 11 3.5 561.6 558.1

GMI-76S 573.4 10 5.5 563.4 557.9

GMI-77S 575.1 * 0 * *

GMI-78S 573.5 9.5 4 564 560

GMI-82S 569.8 5.5 9 564.3 555.3

GMI-83S 573.1 9 8 564.1 556.1

GMI-84S 574.6 10.5 5.5 564.1 558.6

GMI-85S 574.3 10 6.5 564.3 557.8

GMI-86S 573.3 9.5 2.5 563.8 561.3

GMI-88S 568.7 * 0 * *

GMI-94S 573.9 8 7 565.9 558.9

GMI-95S 573.1 10 4 563.1 559.1

GMI-4W 617.2 17 8 600.2 592.2

GMI-5W 615.4 5 13 610.4 597.4

GMI-6W 624.1 12 4 612.1 608.1

GMI-7W 622.8 6 17 616.8 599.8

GMI-8W 622.3 4.5 7.5 617.8 610.3
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TABLE 2 (CONT'D)

SUMMARY OF SEDIMENTOLOGIC DATA

Location No.1 Elevation (ft.) Depth to
Basal Sand

Sand Thickness Elev. Top
of Sand

Elev. Base
of Sand

GMI-9W 630.2 13.5 11 616.7 605.7

GMI-1OW 628.4 8.5 9.5 619.9 610.4

GMI-11W 621.1 7 2 614.1 612.1

GMI-12W 629.2 * 0 * *

GMI-13W 634.1 15 3 619.1 616.1

GMI-14W 635.1 19.5 2 615.6 613.6

GMI-15W 631.6 10.5 8 621.1 613.1

GMI-16W 613.5 5 9 608.5 599.5

GMI-17W 607.9 7 4,5 600.9 596.4

GMI-18W 605.4 16.5 4 588.9 584.9

GMI-19W 607.8 8 5.5 599.8 594.3

GMI-20W 601.8 9 7.5 592.8 585.3

GMI-21W 602.3 5 6.5 597.3 590.8

GMI-23W 599.9 8 0.5 591.9 591.4

USGS-i NA 0.5 2

USGS-2 NA 0.5 2.5 * *

USGS-3 NA 9 3

USGS-4 NA 0.5 4

USGS-5 NA 5.5 5

USGS-6 NA 15 1.5

N, S, and W in the location name refer to the north, south, or west sampling areas
* No basal sand observed; in some cases hole was not deep enough for valid sand check
NA - not surveyed
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surveyed and have neither elevations nor precise locations. USGS-5 and USGS-6 have the sequence of

sand under clay so often seen on CAFB, and USGS-3 has sand in the base of the hole underlying silty

sand (see Appendix D). The other three (USGS-i, USGS-2, and USGS-4) are all less than five feet deep

and may not have penetrated below surficial, recent deposits; the cone penetrometer point of refusal does

not always occur at the soil-bedrock interface, and it could not be determined at this location if the

bedrock was shallow. The creek named Farmers Branch (which crosses the northern portion of the golf

course on CAFB) intersects the spur between White Settlement Road and Clifford Avenue closest to

USGS-3 and USGS-4, which are the two center holes. A soil section, approximately eight feet thick, was

exposed in the creek bed with a few inches of limestone bedrock visible at the base. This is consistent

with the section described in the holes by the penetrometer curves.

4.3 Groundwater Gradient and Distribution of Water

The erratic distribution of water was similar to that experienced in Phase I, although the overall

percentage of holes containing water was higher in Phase 11(63% rather than the previous 35%), despite

the recent period of sustained drought. Previous conclusions, based on earlier work done in the area,

that the interface between the soil and the less permeable bedrock provided the most likely locus for

groundwater collection were supported by the drilling information in Phase II; therefore, each temporary

casing had five feet of screen at the base.

Water samples and static water levels were available from approximately 60% of the punched or drilled

locations (Table 3). All sites on CAFB were surveyed, and so water gradient and direction with reference

to ground surface elevation were determined for the north and south sampling areas; the west area had

insufficient data to develop a coherent picture of the groundwater surface. The local groundwater

direction in the north area is to the east, while in the south area the direction is east-southeast. There are

minor deviations, but these directions are basically consistent with previous reports.

All but one of the sampled locations contained free water at the time they were punched and could be

sampled immediately. The hole in which sufficient water collected in the temporary casing overnight was

initially damp (defined by the water level indicator). Two other initially damp holes, which did not

initially have sufficient water, subsequently accumulated enough volume for a static water measurement,
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TABLE 3

SUMMARY OF STATIC WATER LEVEL DATA

1?2(Gj

Location No.12 Ground Elevation
(ft.)

Total Depth
(ft.)

Depth to Water
(ft

Water Level
Elevation (ft.)

GMI-O1SB 613.2 25.0 19.5 593.7

GMI-O2SB 615.4 24.2 22.0 593.4

GMI-O3SB 614.0 24.5 2l.0 593.0

GMI-1N 619.6 12.5 7.48 612.12

GMI-4N 615.8 9.0 5.55 610.25

GMI-5N 615.3 16.2 5.8 609.5

GMI-7N 618.5 29.6 7.4 611.1

GMI-14N 615.4 28.4 19.15 596.25

GMI-20N 608.8 19.2 14.75 594.05

GMI-21N 606.8 18.2 13.2 593.6

GMI-23N 607.6 21.0 17.05 590.55

GMI-24N 610.9 24.2 17.3 593.6

GMI-26N 605.7 19.4 12.85 592.85

GMI-27N 605.3 19.0 12.2 593.1

GMI-28N 605.6 19.5 12.7 592.9

GMI-29N 606.9 23.0 18.16 588.74

GMI-30N 607.3 26.0 18.85 588.45

GMI-31N 606.9 19.0 17.44 589.46

GMI-32N 600.6 15.4 10.5 590.1

GMI-33N 606.9 19.0 14.66 592.24

GMI-35N 603.5 17.0 10.8 592.9

GMI-36N 604.9 17.5 12.55 592.35

GMI-37N 602.9 26.0 15.22 587.68

GMI-38N 607.0 19.5 19.0k 588.0

GMI-39N 603.9 23.2 15.45 588.45
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TABLE 3 (CONT'D)

SUMMARY OF STATIC WATER LEVEL DATA

Location No.12 Ground Elevation
(ft.)

Total Depth
(ft.)

Depth to Water
(ft.)

Water Level
Elevation (ft.)

GMI-40N 596.6 14.0 8.6 588.0

GMI-41N 595.9 14.5 7.15 588.75

GMI-42N 600.3 18.0 11.5 588.8

GMI-43N 603.8 20.2 11.0 592.8

GMI-44N 601.3 18.3 12.15 589.15

GMI-45N 601.7 16.6 11.6 590.1

GMI-46N 603.4 19.5 12.95 590.45

GMI-47N 614.0 26.5 23.5 590.5

GMI-48N 617.1 14.0 9.94 607.16

GMI-49N 625.9 19.0 12.35 613.55

GMI-51N 603.0 23.7 15.82 587.18

GMI-52N 595.6 16.0 8.6 587.0

GMI-53N 594.0 14.0 8.52 585.48

GMI-54N 598.2 11.7 11.6 586.6

GMI-56N 588.5 12.0 5.5 583.0

GMI-1S 614.1 20.5 19.1 595.0

GMI-2S 602.3 13.2 11.33 590.97

GMI-4S 612.8 25.0 19.7 593.1

GMI-5S 601.6 15.6 no depth5 N.A.

GMI-6S 610.0 25.7 20.63 589.37

GMI-9S 609.3 24.2 20.55 588.75

GMI-12S 598.5 16.8 14.25 584.25

GMI-14S 606.3 22.7 17.95 588.35

GMI-16S 607.8 23.0 18.9 588.9

GMI-18S 595.8 16.8 11.8 584.0
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TABLE 3 (CONT'D)

SUMMARY OF STATIC WATER LEVEL DATA

Location No."2 Ground Elevation
(ft.)

Total Depth
(ft.)

repth to Water
(ft.)

[ Water Level
Elevation (ft.)

GMI-20S 600.4 20.0 12.8 587.6

GMI-22S 608.0 22.5 19.15 588.85

GMI-25S 589.5 12.7 no depth5 N.A.

GMI-26S 591.2 14.4 7.35 583.85

GMI-27S 599.1 19.0 13.5 585.6

GMI-28S 602.2 22.8 12.55 589.65

GMI-34S 599.8 17.0 14.8

GMI-36S 604.4 16.0 16.44 587.96

GMI-37S 603.5 23.0 13.88 589.62

GMI-38S 600.3 14.0 10.23 590.07

GMI-42S 592.6 13.5 8.2 584.4

GMI-51S 574.1 13.7 11.6 562.5

GMI-54S 589.8 28.3 18.8 571.0

GMI-55S 584.3 21.5 15.83 568.47

GMI-56S 582.8 26.2 15.8 567.0

GMI-57S 581.5 26.0 11.58 569.92

GMI-58S 586.5 17.8 7.06 579.44

GMI-59S 587.8 6.5 1.0 586.8

GMI-60S 593.4 19.2 11.55 581.85

GMI-61S 569.5 14.0 11.55 557.95

GMI-62S 565.4 11.2 9.45 555.95

GMI-63S 577.2 23.5 > 14.4 <562.8

GMI-66S 575.2 19. 6.6 568.6

GMI-70S 568.0 14.5 no depth5 N.A.

GMI-72S 574.8 18.6 no depth5 N.A.
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TABLE 3 (CONT'D) '

SUMMARY OF STATIC WATER LEVEL DATA

Location No.j.2 Ground Elevation
(ft.)

Total Depth
(ft.)

Depth to Water
(ft.)

Water Level
Elevation (ft.)

GMI-73S 573.3 17.5 11.85 561.45

GMI-74S 573.5 17.7 10.5 563.0

GMI-75S 572.6 15.0 7.8 564.8

GMI-76S 573.4 15.5 7.64 565.76

GMI-77S 575.1 16.5 8.73 566.37

GMI-78S 573.5 14.1 9.32 564.18

GMI-82S 569.8 14.4 8.75 561.05

GMI-83S 573.1 17.0 10.35 562.75

GMI-84S 574.6 16.5 10.95 563.65

GMI-85S 574.3 17.0 9.7 564.6

GMI-86S 573.3 12.5 9.0 564.3

GMI-88S 568.7 7.0 5.33 563.37

GMI-94S 573.9 15.2 11.18 562.72

GMI-95S 573.1 14.1 11.23 561.87

GMI-4W 617.2 24.8 23.83 593.37

GMI-18W 605.4 23.0 14.5 590.9

GMI-20W 607.8 18.4 14.93 592.87

1 N, S, and W in the location name refer to the north, south, or west sampling areas

2 Sites marked SB were drilled; remainder were punched. Site GMI-O3SB was drilled and subsequently
twinned with the penetrometer tool

Water level at time of drilling

Holes had sufficient water for static level measurement, but not for sampling

Water was sampled at this location, but no water level was obtained
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but not a sample. GMI-4W was a deliberate attempt to duplicate the location of the 1992 hole GMI-019

on the south side of White Settlement Road. A water sample from the original hole was broken by lab

personnel, and multiple subsequent attempts to obtain another sample were unsuccessful, even though

these attempts were made within a few feet of the original hole and to comparable depths. Both a sample

and a water level were collected from GMI-4W in 1993; depths were comparable to the 1992 depths of

GMI-019.

Soil boring GMI-SB2 (TD = 23 feet) contained water; however, penetrometer locations #5W and #16W,

located approximately 230 feet away to the north and northeast, respectively, were both dry. The TDs

were dissimilar with 16W bottoming at 14 feet and SW bottoming at 18 feet, both depths at which the

GMI-1SB descriptive soil log records hard layers which caused difficult drilling. Other lithologic logs

also report occasional relatively hard layers up to several inches thick variously referred to as sandstone,

limestone, or marl. These layers, if thick and hard enough, could act as "pseudo-bedrock" and halt the

penetrometer some unknown distance above actual bedrock and above the water-bearing strata. The two

1993 logs in the area of GMI-2SB suggest a location where the penetrometer was not able to reach a

sufficient depth for water sampling. It must be concluded that other potentially water-bearing holes in

the project area were dry because of inadequate depth or that the lengthy dry spell which preceded the

field sampling period impacted available water and had an adverse affect on sample collection.

Most sampled holes include a sand section at or near the bottom of the hole, while the holes which could

be determined to be "genuinely" dry (based on comparison with nearby penetrometer profiles or with soil

boring descriptions) have a dominantly clay/silt character. However, some holes are anomalous with clay

and/or silt which were water-bearing or substantial sand sections near the bottom which were dry.

In 1992 hole GMI-019 was the only (initially) successful attempt to get a water sample south of White

Settlement Road from 25 sites. In 1993 three penetrometer holes in 15 attempts hit water as did three

of the five soil borings. Both types of sample sites (drilling and punching) tended to be dry toward the

south, i.e., away from White Settlement Road. This was not strictly a function of shallow depth,

because, while there were shallow penetrometer holes, there were also seven dry holes which approached

or exceeded 20 feet at TD. Previous work with monitor well installation and monitoring (Radian

Corporation 1991; Jacobs Engineering 1993) has also indicated variable water levels over relatively short

distances (Figure 20).
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L)
Phase II results have not substantively altered the conclusions expressed in the Phase I report (Geo-

Marine, Inc 1992) regarding the four factors thought to be responsible for the variable occurrence of

water.

(1) The cone penetrometer can be stopped by the first hard layer; if this is an isolated layer
within the soil profile, rather than the top of continuous bedrock, the water-bearing
horizon may lie below. This was clearly the case with GMI-5W and GMI-16W both
punched in 1993 near GMI-1SB where hard layers identified in the soil boring coincide
with the TDs (at the point-of-refusal) of the two nearby penetrometer holes.

(2) The 1993 sampling took place in late July and through August during which time the area
received virtually no rainfall and followed a two-month hot and dry period. Recharge
to shallow groundwater in this area is almost exclusively from the surface, either through
downward percolation or more directly from local surface water such as Lake Worth and
Farmers Branch. There had not been any heavy rains prior to Phase II sampling since
May.

(3) Recovery in at least some of the monitor and production wells is documented by others
as being slow. Only three initially moist holes left open up to 24 hours by GM!
accumulated sufficient water for either sampling or static water level measuring; no
initially dry holes accumulated water overnight.

(4) It is possible that water may occasionally occur at levels other than the soil-rock
interface, although this was not directly observed. If these relatively porous lenses
encased within less permeable material occurred more than five feet above the base of
the hole, they would be sealed off as long as the casing and screen remain in the ground.

4.4 Data Distribution

Analytic data distribution reflects water distribution as well as deviations in the sample grid necessitated

by restricted areas, utilities, buildings, historic structures, roads, and golf course considerations. GMI

believes that some holes were genuinely dry while some were not deep enough; it is not possible to

differentiate between the two cases with certainty at all dry locations. Contoured concentration maps have

been prepared with general groundwater gradient and TCE plume boundary indicated. Neither the

continuity nor the boundary of the contamination plume can be unequivocally established in all areas; it

is indicated by a dashed line.

Figures 21, 22, and 23 show concentration values of TCE in the north, south, and west areas,

respectively. The three maps indicate local groundwater gradient direction as determined from the
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relative elevations of static water levels in sampling holes, as well as the plume boundaries. Distribution

of 1 ,2-DCE (both cis- and trans-) helped determine these boundaries, because occasionally samples which

are ND for TCE tested positive for DCE. Figure 24 shows the distribution of BTEX in the south area;

it was not detected in any samples from the other two areas (Table 4).

4.4.1 Chlorinated Solvents

In the north area the highest values of TCE (> 100 jg/l) occur in two close, but separately defined areas,

east of the intersection of Apron 160 and 161 and are defined by values at sample points 23N and 24N

and around sample sites 39N and 51N. Plume boundaries have been defined to the north toward Lake

Worth and to the east and southeast (see Figure *). They are open ended to the south toward the south

sampling area and to the west and southwest where restricted areas plus the extensive concrete cover of

the runways inhibited sample collection.

Positive values for cis-1 ,2-DCE and trans-i ,2-DCE are also clustered in the central part of the north area

adjacent to Aprons 160 and 161; however, some of the higher values are offset to the east of the TCE

in the downgradient direction, particularly around sample points 41N and SiN, while the western margin

of the two compounds is essentially the same. The plume boundaries discussed above reflect the

distribution of DCE as well as TCE and therefore sometimes include sample sites which tested ND for

one or the other compound (e.g., sites GMI-31N, GMI-32N, and GMI-33N were ND for TCE, but had

positive values for DCE).

In the south area the highest values for TCE are concentrated in the far west corner on either side of the

east-west road which runs between Haile Drive and Roaring Springs Road; the highest values are at

sample sites GMI-1S, GMI-2S, and GMI-5S. There are no positive values for either TCE or DCE east

of sample point GMI-36S. Plume boundaries are defined to the east and to the south across Roaring

Springs Road into the golf course where values are continuous with GMI 1992 data (see Figurq

in the north area, relative values for DCE mimic TCE, except that the values are lower and the higher

values are offset slightly in the downgradient direction (east-southeast) at sample points GM!- 18S, GM!-

22S, and GMI-25S.
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TABLE 4

LABORATORY RESULTS/EPA METHOD 8021

Sample No. TCE c-l,2-DCE t-1,2-DCE B T E
[ x J

GMI-O1SB 570 320

GMI-O2SB 4.8

GMI-23N 50 19 9

GMI-24N 294 138

GMI-3 iN 32 48

GMI-32N 57 48

GMI-33N 74 51

GMI-39N 170 15

GMI-40N 5 4

GMI41N 14 76 91

GMI-42N 3

GMI-47N 6

GMI-48N 17

GMI-49N 57 11

GMI-51N 27 61 72

GMI-52N 6 8

UMI-1S 492 73

GMI-2S 278 32

GMI-45 99 14

GMI-5S 438 66

GMI-6S 7

GMI-9S 42 7

GMI-12S 54 10

GMI-14S 66 15

GMI-16S 23
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TABLE 4 (CONT'D)
1

LABORATORY RESULTS/EPA METHOD 8021

_Sample No. TCE c-1,2-DCE t-1,2-DCE B T E
[ X__]

GMI-18S 44 60

GMI-20S 16 14

GMI-22S 5 59

GMI-25S 29 37

GMI-26S 50 12

GMI-27S 29 30 19

GMI-36S 3

GMI-75S 176

GMI-83S 633 2256

GMI-84S 852 115 465 99

GMI-4W 13

Blank indicates the result was bdl
All results in jg/1 (ppb)

In the west area there are two soil boring sites and one penetrometer site with positive values and two

other sampled penetrometer sites with ND results. This probably does not adequately characterize the

interior of the area, because of the problems with achieving adequate depths (see Section 4.3). However,

two cone penetrometer sites and one soil boring a! ng the east side of the golf course (GM!- 18W, GMI-

20W, and GMI-3SB) define the eastern plume boundary south of White Settlement Road in line with GM!

Phase I results (1992) which defined the plume on the west side of Pumphrey Road north of White

Settlement Road (see Figure 23). The plume is also believed to be defined to the south of White

Settlement Road across the golf course by the east-west line of dry penetrometer locations GMI-12W,

13W, 14W, and 15W and soil boring GMI-4SB. The latter bottomed on dry bedrock and is correlative

with the logs of the other four penetrometer sites (see Figure 19).
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At this time it appears that the TCE plume is contained on CAFB as off-base migration has not been

documented in any direction. However, the plume or plumes on CAFB are not defined to the west

toward AFP4. Therefore, location of the source or sources of the TCE,especiaily with regard to the

border between CAFB and AFP4, cannot be confirmed from these data.

All of the six locations along the railroad spur west of CAFB and south of AFP4 were dry; however,

their primary purpose was to determine the presence and depth of alluvium in the area (see Section 4.2).

The other six halocarbons specified in the SOW (l,1-DCE, l,l-DCA; l,l,l-TCA; l,l,2-TCA; PCE; and

VC) had no positive results from the holes from which water was obtained during this phase; in contrast

data for the 1992 GMI Phase I work included results for PCE and 1, l-DCE. None of the other

compounds which are included in the EPA method 8021 scan had positive results in any of the samples.

The number of chlorinated compounds identified at CAFB in Phase II investigation is much narrower than

during Phase I (1992). At that time a total of nine halocarbons showed positive, although four of them

appeared only in isolated spikes which were not deemed significant.

4.4.2 Petroleum Hydrocarbons

The BTEX components were only identified in the south area at three locations, all directly east of the

truck fueling facility on Knights Lake Road. This is only a block east of POL and the Ditch, two of the

sites originally identified as possible contaminant sources (see Figure 5). Site GMI-75S (E only), site

GMI-83S (B and E), and site GMI-84S (B,T,E, and X) are all down gradient from the two sites. Sites

GMI-57S, 58S, and 66S are all closer to the tank farm and ditch, but the samples tested ND for all

components, including halocarbons as well as BTEX (see Table 4). This suggests subsurface leakage at

the truck fueling facility may account for the elevated values. The BTEX area is confined, except to the

east (see Figure 24).

4.5 Source(s) and/or Derivation of Contaminants

Purgeable halocarbons have the potential to degrade into other compounds analogous to the decay of

radioactive elements. Therefore, not all of those compounds identified in the water under CAFB are

directly explained by disposal or leaks. According to Radian Corporation (1991), TCE can react via
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hydrogenolysis to form the DCE group and so on to an end product of ethene (Figure 25).

Hydrogenolysis is a reduction reaction which in series can progressively replace the halogen ions (in this

case chloride) by hydrogen. The timing of these reactions is believed to be relatively short (days to a

few years) and may account for some of the variety of compounds and diversity of occurrence observed

at CAFB. It is not known if variables influencing the hydrogenolysis process in any way explains the

reduction in number of compounds identified in this phase as compared with the 1992 work.

The requirements under the SOW do not include source identification. It can be noted, however, that

clusters of positive halocarbon values in the north sampling area are not near any of the suspected

contaminant sources originally identified (see Figure 2). In general this area had virtually no groundwater

data (e.g., from monitor wells sampled by Jacobs Engineering) prior to the GM! Phase II sampling. The

halocarbon results in the south area are also not near suspected sources and have little monitor well or

other data nearby, except on the south edge where the sites are contiguous to GM! 1992 Phase I data.

The hydrocarbon sites in the south area (as previously noted) are near the POL tank farm, a possible

source area (Radian Corporation 1986); however, the closest potential source, the truck fueling facility,

was not identified in the Radian Corporation report (1986).

Both the north and south areas have elevated TCE/DCE values open to the west. The widespread use

of TCE in the past at both AFP4 and CAFB means the potential for multiple sources exists, and

additional delineation west of the GM! 1993 north and south areas is needed for specific source

identification. This effort, if pursued, could be impeded by the extensive concrete cover in the

runway/taxiway areas.

The west sampling area is better supplemented than the other two both by 1992 GM! results and the

intermittent monitoring of wells installed in the area by Radian Corporation, International Technology

Corporation, and others. Results south of Farmer Branch suggest that AFP4 is the source, but that waste

burial area WP-07 on CAFB has contributed to the plume. Elevated values north of Framers Branch,

especially near Roaring Springs Road, may be supplemented by materials disposed of at Landfill 6

(Niebuhr 1993).
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

The Phase II program of water sampling, soil delineation, and static water level measurements at CAFB

have led to the following conclusions:

(1) Groundwater contamination by TCE and some of its breakdown products is widespread
on CAFB; however, in the areas studied to date there does not appear to have been
migration outside the boundaries of CAFB.

(2) The boundaries of the TCE plume or plumes on CAFB have been generally defined to
the north, east, and south (Figure 26). However, elevated TCE values are open to the
west in all three 1993 sampling areas. Therefore, it is not known at this time if AFP4,
supplemented by WPO7, is the only primary source, or if one or more additional sources
exist on CAFB.

(3) Groundwater contamination by jet fuel and/or gasoline is not defined, but was identified
in the GMI 1993 south sampling area at three sites near the truck fueling facility which
is a block from the POL Tank Farm and Flightline Drainage Ditch.

(4) The rapid analytic results available from the on-site mobile laboratory allowed changes
in site locations during the project based on those results.

(5) Successful use of the cone penetrometer to sample water in the area around and to the
south of White Settlement Road (in the golf course area) has been inconsistent because
of isolated hard layers within the sediment column above true bedrock. Based on soil
boring profiles, these hard layers are believed to have caused probe refusal in some
locations before the water-bearing horizon was reached.

(6) The penetrometer worked well in the 1993 north and south sampling areas where there
were relatively few dry holes.

(7) The use of the electronically generated soil profiles to identify sand and gravel and,
therefore, delineate channels in the subsurface has had limited success. Comparisons of
soil descriptions with nearby cone profiles show varying degrees of correlation; however,
this could reflect the inherent sedimentologic variations in the area.

(8) Based on the cone penetrometer profiles, water can be present in holes with a continuous
section of fine-grained sediments, while some thick sand sections were dry holes. This
suggests that small scale sedimentologic variations, not visible on the profiles, can
influence fluid migration.
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(9) Groundwater gradient direction measured in the north sampling area is to the east and in

the south and west areas groundwater flow is to the east-southeast, which is consistent
with previous determinations.

5.2 Recommendations

Additional sampling to the west of the 1993 north and south sampling areas would have the potential to

answer the following questions.

(1) Is there more than one TCE plume on CAFB?

(2) Is there one or more TCE sources on CAFB in addition to the sources previously
identified on AFP4 and waste burial area WPQ7, previously identified on CAFB?

(3) Is the plume or plumes as irregular and discontinuous as current detailed data suggest?

For future groundwater investigation work conducted at CAFB, the following are recommended:

(1) The choice of equipment to obtain the soil and/or water samples should be dependent on
the sampling area, i.e., around and to the south of White Settlement Road, a drill rig
should be used for greater depth, while in the GMI 1993 north and south sampling areas
the penetrometer truck should be used.

(2) An on-site mobile laboratory should be used for reconnaissance plume delineation
because rapid sample results maximize the usefulness of each sample site location.

(3) Each water sample should be analyzed for a variety of contaminants, regardless of the
immediate objective of a project, because of the diverse and widespread problems known
to exist at CAFB.
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7.0 ACRONYMS AND ABBREVIATIONS

AFP4 Air Force Plant No. 4
BTEX benzene, toluene, ethyl-benzene, and xylenes
CAFB Carswell Air Force Base
cps centimeters per second
Cr chromium
DCA dichloroethane
DCB dichlorobenzene
DCE dichioroethene
DCP dichloropentene
DNAPL dense non-aqueous phase liquid
EPA Environmental Protection Agency
FDTA fire department training area
Fm Formation
GMI Geo-Marine, Inc.
HNu a photo-ionization detector for organic vapors
IT International Technology Corporation
IRP Installation Restoration Program
JP-4 jet fuel
LF landifil
MCL maximum contaminant level
j.Lg/l micrograms per liter
ml milliliters
MSDS material safety data sheet
msl mean sea level
ND non-detect
PCE tetrachioroethene
POL petroleum, oil, and lubricants
ppb parts per billion
PPE personal protective equipment
ppm parts per million
QA quality assurance
QC quality control
SHERP Safety, Health, and Emergency R.sponse Plan
SOW scope of work
SWDL Southwestern Division Laboratory
TCA trichioroethane
TCE trichioroethene
TD total depth
TNRCC Texas Natural Resource Conservation Commission
TOC total organic carbon
TOX total organic halides
USACE U.S. Army Corps of Engineers
VC vinyl chloride
VOA volatile organic analysis
VOC volatile organic compound
WP waste burial area
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Representative samples were taken from drums
of soil cuttings and decontamination water for
analysis to determine the appropriate disposal
procedure.

Several soil cores from the upper part of boring #3 laid out for description with soil from the deepest
horizon in the foreground. The gray, more cohesive portion on the far side of the dark plasticis part
of the upper clay-rich section, the medium yellow-brown section in the middle is transitional with more

sand, and the tan material in the foreground is loose, clean sand which is often water bearing. This
sequence of the sand component of the soil increasingwith depth was commonly seen during the project.

::.ii&. Geo-Marine's truck-mounted drill rig was used
at five locations to collect water samples and
static water levels and to obtain visual soil
descriptions. This is soil boring #2 at the edge
of the golf course.
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The operator's control center consists
of hydraulic controls and an analog
and digital logging system. Data can
be stored on strip chart recorder and
on computer disk simultaneously.

Immediately after a CPT test, inserting one-inch diameter PVC screen and riser was the most efficient tool for
sampling groundwater and recording static water level. Occasionally the hole would collapse, and the PVC would
be placed in the ground via GMF casing with a "dummy tip" (right). On the left, PVC is inserted to the bottom
inside the GMF casing. The disposable dummy tip remains in the hole.
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The Fugro Penetrometer System uses two different types of tubing. On the left, the friction cone, used for recording
the CPT data, is shown resting on a stack of GMF casing after completing a CPT test. Decontamination of the cone
usually took place immediately before punching the next hole. On the right, the Push-in Water Sampler with GMF
casing were occasionally used for water sampling. The built-in stainless steel screen is displayed open and exposed
as it would be while sampling. A mini-bailer would simply be dropped down the casing to retrieve a sample.

The Fugro Cone Penetrometer Truck
is shown leveled by hydraulic jacks
and ready to record CPT data. The
CPT probe is not visible.
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Groundwater was sampled as soon as the truck moved off location. Both stainless steel and transparent teflon mini-
bailers were used in collecting samples. Two to three 40 ml vials were filled depending on the lab's request.

—I

Transglobal Environmental '
Geochemistry (TEG) mobile lab
utilizes a gas chromatograph (right)
with a headspace analyzer (left). The
Shimadzu GC incorporates a Hall
electron capture detector. Samples can
be analyzed within one hour.
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CEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/09/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB809 TB809 GMI-03SB2 GMI-12S MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10

1,1-Dichioroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5
trans-i ,2-Dichloroethene ND ND ND ND 4

1,1-Dichioroethane ND ND ND ND 5
cia-i ,2-Dichloroethene ND ND ND 10 5
Ben zene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1-Trichioroethane ND ND ND ND 4

Carbon Tetrachloride ND ND ND ND 3

Trichioroethene ND ND ND 54 2

1,2-Dichioropropane ND ND ND ND 5

Toluene ND ND ND ND 5

Tetrachloroethene ND ND ND ND 3

Ethyl benzene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 73.0 95.7 72.9 75.6

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhaing Luu

S..477

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

I ;•:i) 4

TEG Project #930809T2

DATE OF ANALYSES: 08/09/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK

(ug/L)

ND 200
ND 100
ND 100
ND 100
ND 100
ND 100
ND 100
ND 100

ND 100

ND 100

ND 100
ND 100
ND 100

Vinyl chi oride

1 , 1 —Dichioroethene
Methyl ene Chloride
trans—i ,2—Dichloroethene
1, 1—Dichloroethane
cis—1 ,2—Dichloroethene
Benzene
Chloroform
1,1 ,1—Trichloroethane
Carbon Tetrachl oride
Trichloroethene
I ,2-Dichloropropane
Tol uene

Tetrachloroethene

Ethylbenzene
Xyl enes

Surrogate Recovery % 115.0 99.9

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297

QCC#1

ND
ND
ND

100
100
100

Transglobal Environmental Geochemistry, Texas



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

12::1

TEG Project #930809T2

DATE OF ANALYSES: 08/09/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS GMI-03SB2 GMI-03SB2
MS MSD RPD

Vinylchloride 173 154 11.6

1,1—Dichloroethene 112 92 19.6
Methylene Chloride 108 85 23.8
trans—i ,2—Dichloroethene 131 102 24.9
1,1—Dichioroethane 121 92 27.2
cis—1,2—Dichloroethene 131 103 23.9
Benzene 94 72 26.5
Chloroform 123 97 23.6
1,1,1—Trichioroethane 106 73 36.9
Carbon Tetrachloride 133 100 28.3
Trichloroethene 135 104 25.9

1,2-Dichioropropane 117 89 27.2
Tel uene 97 75 25.6
Tetrachloroethene 122 92 28.0

Ethylbenzene 101 78 25.7

Xylenes 100 76 27.3

Surrogate Recovery % 109.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Lutz

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297

79.8

Transglobal Environmental Geochemistry, Texas



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

DATA REVIEWED BY: Dr. Derhsing Luu

4 )_4(I t)

I

Transglobal
10805 Metric Boulevard,

Environmental Geochemistry,
Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297

TEG Project #930809T2

DATE OF ANALYSES: 08/10/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB81093 TB81093 GMI-02S GMI-18S MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10

1,1-Dichioroethene 18 15 ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2-Dichloroethene ND ND ND ND 4

1,1-Dichioroethane ND ND ND ND 5

cis—1,2—Dichloroethene 21 21 32 60 5

Ben zene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1-Trichioroethane ND ND ND ND 4

Carbon Tetrachloride ND ND ND ND 3

Trichioroethene ND ND 278 44 2

1,2—Dichiaropropane ND ND ND ND 5

Toluene ND ND ND ND 5

Tetrachioroethene ND ND ND ND 3

Ethyl ben zene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 151.0 153.0 152.0 88.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher



GEO-MARTh'E, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161-052

Si

Transglobal Environmental Geochemistry, Texas
I.'-

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297

GMI-25S GMI -265 GMI-63S MDL

TEG Project #930809T2

DATE OF ANALYSES: 08/10/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS

(ug/L) (ug/L) (ug/L) (Llg/L)

Vinyl chi oride ND ND ND 10

1,1-Dichioroethene ND ND ND 4

Methylene Chloride ND ND ND 5

trans-i ,2-Dichloroethene ND ND ND 4

1,1—Dichioroethane ND ND ND 5

cis—i,2—Dichloroethene 37 12 ND 5
Ben zene ND ND ND 4

Chloroform ND ND ND 4

1,1,1—Trichioroethane ND ND ND 4

Carbon Tetrachioride ND ND ND 3

Trichioroethene 29 50 ND 2

i,2-Dichloropropane ND ND ND 5
Toluene ND ND ND 5
Tetrachloroethene ND ND ND 3

Ethyl benzene ND ND ND 5

Xylenes ND ND ND 5

Surrogate Recovery % 118.0 133.8 114.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/10/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2
(ug/L)

Vinyl chi oride ND 155 134

1,1—Dichioroethene ND 93 138
Methylene Chloride MD 98 105
trans—i ,2—Dichloroethene ND 112 105

1,1—Dichioroethane ND 107 100

cis-1,2—Dichloroethene ND 117 112
Benzene ND 101 114
Chloroform ND 109 99
1,1,1—Trichioroethane ND 119 78
Carbon Tetrachioride ND 119 109
Trichioroethene ND 105 112

1,2—Dichioropropane ND 104 96
Toluene ND 105 118
Tetrachloroethene ND 115 101

Ethyl benzene ND 107 123

Xylenes ND 106 120

Surrogate Recovery % 146.7 104.0 107.1

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, IX 78758 (512) 835-9299 FAX (512) 835-9297



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project 1: 1161—052

l2.1Oj

TEG Project #930809T2

DATE OF ANALYSES: 08/10/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS TB81093 TB81093

Vinyl chi oride 163 130 22.5

1,i—Dichloroethene 202 151 28.9

Methylene Chloride 103 79 26.4

trans—i ,2—Dichloroethene 104 81 24.9

1,1—Dichioroethane 105 78 29.5

cis—1,2—Dichloroethene 120 91 27.5

129 104 21.5Ben zene

Chloroform
1 ,1 , 1—Trichloroethane
Carbon Tetrachloride
Trichloroethene
1 ,2—Dichloropropane
Tol uene

Tetrachioroethene
Ethyl benzene
Xyl enes

89 69

24 18 28.6

124 88 34.0

130 99 27.1

110 84 26.8
136 109 22.0
122 88 32.4
144 117 20.7

Surrogate Recovery % 199.0 157.7

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297

MS MSD RPD

Transglobal Environmental Geochemistry, Texas



GEO-MARINE, INC. 17i1..j
Location: CARSWELL AFB, FORT WORTH, TEXAS

Project 1: 1161-052

TEG Project #930809T2

DATE OF ANALYSES: 08/11/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB81193 TB81193 GMI—51S GMI-60S MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10

1,1-Dichioroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2-Dichloroethene ND ND ND ND 4

i,i—Dichloroethane ND ND ND ND 5

cis-1,2-Dichloroethene ND ND ND ND 5
Ben zene ND ND ND ND 4

Chloroform ND ND ND ND 4

i,1,i-Trichloroethane ND ND ND ND 4

Carbon Tetrachloride ND ND ND ND 3
Trichioroethene ND ND ND ND 2

1,2-Dichioropropane ND ND ND ND 5

Toluene ND ND ND ND 5

Tetrachioroethene ND ND ND ND 3

Ethyl benzene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 128.0 138.5 128.1 119.9

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161-052

1 ?LL

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297

TEG Project #930809T2

DATE OF ANALYSES: 08/11/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-61S GMI-61D GMI-62S MDL

(ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chloride ND ND ND 10

i,i-Dichloroethene ND ND ND 4

Methylene Chloride ND ND ND 5
trans-i ,2—Dichloroethene ND ND ND 4

1,1-Dichloroethane ND ND ND 5

cis-1,2—Dichloroethene ND ND ND 5
Ben zene ND ND ND 4

Chloroform ND ND ND 4

1,1,1-Trichloroethane ND ND ND 4

Carbon Tetrachloride ND ND ND 3
Trichloroethene ND ND ND 2

1,2-Dichloropropane ND ND ND 5
Toluene ND ND ND 5
Tetrachloroethene ND ND ND 3
Ethyl benzene ND ND ND 5

Xylenes ND ND ND 5

Surrogate Recovery % 125.1 152.3 142.2

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu c)

Transglobal Environmental Geochemistry, Texas



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

I '14 I
,.L. (.,..L...LA,

TEG Project #930809T2

DATE OF ANALYSES: 08/11/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2

ND 155 180

ND 102 118

ND 136 133
ND 136 130

Vinyl chloride
1 , 1—Dichioroethene
Methylene Chloride
trans—i ,2—Dichloroethene
1 , i-Dichloroethane
cis-1 ,2—Dichloroethene
Ben zene

Chloroform
1 , 1 , 1 —Trichloroethane
Carbon Tetrachloride
Trichi oroethene

I ,2—Dichloropropane
Toluene
Tetrachloroethene

Ethylbenzene

ND 124 133
ND 135 139
ND 126 106
ND 134 144

ND 88 91

ND 139 157
ND 120 140

ND 122 136
ND 132 113

ND 131 150
ND 137 118

135Xylenes ND 115

Surrogate Recovery % 136.7 130.6 135.9

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

L
Transglobal

10805 Metric Boulevard,

Environmental Geochemistry,
Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297

(ug/L)
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/11/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB81193 RB81193
MS MSD RPD

Vinylchi oride 149 146 2.0

1,1—Dichioroethene 48 63 27.0

Methylene Chloride 119 119 0.0

trans—i ,2—Dichloroethene 112 116 3.5

1,1—Dichloroethane 109 113 3.6

cis—1,2-Dichloroethene 123 122 0.8
Benzene 95 97 2.1
Chloroform 114 119 4.3

1,1,1—Trichioroethane 115 110 4.4

Carbon Tetrachloride 110 118 7.0

Trichloroethene 87 101 14.9

1,2—Dichloropropane 111 113 1.8
Toluene 95 99 4.1

Tetrachioroethene 108 115 6.3

Ethylbenzene 96 101 5.1

Xylenes 93 99 6.3

Surrogate Recovery % 113.5 119.7

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsirig Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297



GEO-MARINE, INC.

--

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/12/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB81293 TB81293 GMI-04S GMI-05S MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyichioride ND ND ND ND 10

1,1-Dichioroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5
trans-i ,2-Dichloroethene ND ND ND ND 4

1,1-Dichioroethane ND ND ND ND 5

cis—1,2—Dichloroethene ND ND 14 66 5

Benzene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1-Trichioroethane ND ND ND ND 4

Carbon Tetrachloride ND ND ND ND 3

Trichioroethene ND ND 99 438 2

1,2-Dichioropropane ND ND ND ND 5
Toluene ND ND ND ND 5

Tetrachloroethene ND ND ND ND 3

Ethyl benzene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 172.7 132.9 108.1 164.1

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297



GEO-MARIWE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297

TEG Project #930809T2

DATE OF ANALYSES: 08/12/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-06S GMI-09S GMI-70S GMI-72S MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10

1,1-Dichloroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2—Dichloroethene ND ND ND ND 4

1,1-Dichioroethane ND ND ND ND 5

cis-i,2-Dichloroethene ND 7 ND ND 5

Benzene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,i,1—Trichloroethane ND ND ND ND 4

Carbon Tetrachioride ND ND ND ND 3

Trichloroethene 7 42 MD ND 2

1,2-Dichloropropane ND ND ND ND 5

Toluene ND ND ND ND 5

Tetrachioroethene ND ND ND ND 3

Ethylbenzene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 98.3 124.7 155.8 100.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS

Project #: 1161—052

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

112

106
119
113
111

122
92
116
118
119
101

116
100
117
103
101

87
88
82
99
100
104
86
109
107
110
81

104

89

93
91

89

1 ?2ji

DATA REVIEWED BY: Dr. Derhsing Luu

I Transglobal
10805 Metric Boulevard,

Environmental Geochemistry,
Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297

TEG Project #930809T2

DATE OF ANALYSES: 08/12/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2

(ug/L)

Vinylchi oride
1 , 1 —Dichloroethene
Methylene Chloride
trans—i ,2—Dichloroethene
1 ,i-Dichloroethane
cis—i ,2—Dichloroethene
Ben zen e

Chloroform
1,1, 1—Trichloroethane
Carbon Tetrachioride
Trichloroethene
1 ,2-Dichloropropane
Toluene
Tetrachioroethene
Ethyl benzene

Xylenes

Surrogate Recovery % 111.4 111.9 88.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/12/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB81293 RB81293 %

MS MSD RPD

Vinylchl oride 109 120 9.6
i,1—Dichloroethene 131 157 18.1

Methylene Chloride 97 107 9.8
trans—i ,2—Dichloroethene 98 107 8.8
1,1—Dichioroethane 92 105 13.2

cis—1,2—Dichloroethene 100 115 14.0
Benzene 76 82 7.6
Chloroform 102 116 12.8

1,1,1—TrichloroetJiane 71 77 8.1
Carbon Tetrachloride 107 122 13.1
Trichloroethene 100 110 9.5

1,2—Dichioropropane 94 110 15.7
Toluene 80 87 8.4
Tetrachloroethene 107 118 9.8

Ethylbenzene 85 92 7.9

Xylenes 83 90 8.1

Surrogate Recovery % 96.0 97.9

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

L
Transglobal Environmental Geochemistry, Texas

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
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TEG Project #930809T2

GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

DATE OF ANALYSES: 08/13/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB81393 TB81393 GMI-14S GMI-16S MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10
i,1—Dichloroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2-Dichl oroethene ND ND ND ND 4

1,1—Dichioroethane ND ND ND ND 5

cis—i,2—Dichloroethene ND ND 15 ND 5

Benzene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1-Trichioroethane ND ND ND ND 4

Carbon Tetrachlorjde ND ND ND ND 3

Trichioroethene ND ND 66 23 2

1,2-Dichioropropane ND ND ND ND 5

Toluene ND ND ND ND 5

Tetrachloroethene ND ND ND ND 3

Ethylben-ene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 116.9 117.4 129.3 141.1

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

7L

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/13/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-16D GMI-20S GMI-22S GMI-28S MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10

1,1-Dichioroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2-Dichloroethene ND ND ND ND 4

1,1-Dichioroethane ND ND ND ND 5

cia-i ,2—Dichloroet.hene ND 14 59 ND 5

Ben zene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1-Trichloroethane ND ND ND ND 4

Carbon Tetrachioride ND ND ND ND 3

Trichioroethene 19 16 5 ND 2

1,2-Dichioropropane ND ND ND ND 5

Toluene ND ND ND ND 5

Tetrachioroethene ND ND ND ND 3

Ethyl ben zene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 160.7 130.8 129.5 103.9

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

L

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/13/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2

(ug/L)

Vinyl chi oride ND 86 66

1,1—Dichioroethene ND 95 101

Methylene Chloride ND 90 77

trans—i ,2—Dichloroethene ND 117 87

1,1—Dichloroethane ND 115 90

cis—i,2—Dichloroethene ND 120 93
Benzene ND 91 78

Chloroform ND 123 102

1,i,i—Trichloroethane ND 133 82

Carbon Tetrachloride ND 135 99

Trichioroethene ND 89 87

1,2—Dichioropropane ND 116 98

Toluene ND 96 88

Tetrachloroethene ND 124 89

Ethyl benzene ND 100 91

Xylenes ND 97 91

Surrogate Recovery % 108.0 108.0 95.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project 1: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/13/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB81393 RB81393
MS MSD RPD

Vinylchi oride 105 113 7.3

1,1—Dichioroethene 171 198 14.6
Methylene Chloride 97 108 10.7
trans—i ,2—Dichl oroethene 120 109 9.6

1,1—Dichioroethane 121 123 1.6
cia—i ,2—Dichloroethene 113 119 5.2
Benzene 97 103 6.0
Chloroform 134 144 72
1,1,1—Trichloroethane 108 112 3.6
Carbon Tetrachloride 151 162 7.0
Trichioroethene 113 123 8.5

1,2—Dichioropropane 124 135 8.5
Toluene 104 111 6.5
Tetrachloroethene 124 142 13.5

Ethylbenzene 99 117 16.7

Xylenes 108 115 6.3

Surrogate Recovery % 98.9 106.2

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhaing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161-052

4.L.

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297

TEG Project #930809T2

DATE OF ANALYSES: 08/16/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB81693 TB81693 GMI-O1S GMI-36S MDL
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10

i,1-Dichloroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5
trans—i ,2-Dichloroethene ND ND ND ND 4

1,i-Dichloroethane ND ND ND ND 5
cis-1,2-Dichloroethene ND ND 73 ND 5
Ben zene ND ND ND ND 4
Chloroform ND ND ND ND 4

1,1,1-Trichloroethane ND ND ND ND 4

Carbon Tetrachioride ND ND ND ND 3
Trichioroethene ND ND 492 3 2

1,2-Dichioropropane ND ND ND ND 5
Toluene ND ND ND ND 5
Tetrachloroethene ND ND ND ND 3
Ethylbenzene ND ND ND ND 5
Xylenes ND ND ND ND 5

Surrogate Recovery % 101.4 133.4 126.1 164.4

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/16/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-37S GNI-385 MDL

(ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND 10

1,1—Dichioroethene ND ND 4

Methylene Chloride ND ND 5

trans—i ,2—Dichloroethene ND MD 4

1,1-Dichioroethane ND MD

cis-i,2-Dichloroethene ND ND 5
Benzene ND ND 4

Chloroform ND ND 4

1,1,1-Trichioroethane ND ND 4

Carbon Tetrachioride ND ND 3

Trichloroethene ND ND 2

1,2-Dichloropropane ND ND 5
Toluene ND ND 5

Tetrachioroethene ND ND 3

Ethyl benzene ND ND 5

Xylenes ND ND 5

Surrogate Recovery % 136.1 137.5

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758
-

(512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/16/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2

(ug/L)

Vinyl chi oride ND 92 80

1,1—Dichioroethene ND 99 134

Methylene Chloride ND 100 88

trans—i ,2—Dichloroethene ND 128 93

1,1—Dichioroethane ND 128 106

cis—1,2—Dichloroethene ND 133 105
Benzene ND 87 72

Chloroform ND 134 124

i,1,1—Trichloroethane ND 145 93

Carbon Tetrachloride ND 147 122
Trichloroethene ND 97 105

1,2—Dichloropropane ND 127 119

Toluene ND 92 77

Tetrachioroethene ND 135 112

Ethylbenzene ND 95 81

Xylenes ND 92 82

Surrogate Recovery % 101.0 89.2 109.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297

I

Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AEB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/16/93
% RECOVERY FOR MATRIX SPIRE AND MATRIX SPIRE DUPLICATE

TARGET COMPOUNDS RB81693 RB81693
MS MSD RPD

Vinylchi oride 95 105 10.0

1 ,1—Dichloroethene 163 213 26.6

Methylene Chloride 112 108 3.6

trans—i ,2—Dichloroethene 104 94 10.1

1,1—Dichioroethane 134 135 0.7

cis—1,2—Dichloroethene 136 135 0.7

Benzene 93 92 1.1

Chloroform 156 155 0.6

i,1,1—Trichloroethane 124 118 5.0

Carbon Tetrachioride 154 167 8.1

Trichloroethene 129 124 4.0

1,2—Dichioropropane 152 134 12.6

Toluene 100 99 1.0

Tetrachioroethene 141 147 4.2

Ethylbenzene 106 106 0.0

Xylenes 103 105 1.9

Surrogate Recovery % 101.9 96.9

ND INDICATES NOT DETECTED AT LISTED .)ETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

I Transglobal Environmental Geochemistry, Texas

1 10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
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TEG Project #930809T2

GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

DATE OF ANALYSES: 08/17/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB81793 TB81793 GMI-34S GMI-34D MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10

1,1-Dichioroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2-Dichloroethene ND ND ND ND 4

1,1-Dichioroethane ND ND ND ND 5

cis—1,2—Dichloroethene ND ND ND ND 5

Ben zene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1—Trichloroethane ND ND ND ND 4

Carbon Tetrachioride ND ND ND ND 3

Trichioroethene ND ND ND ND 2

1,2-Dichioropropane ND ND ND ND 5

Toluene ND ND ND ND 5

Tetrachloroethene ND ND ND ND 3

Ethyl ben zene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 144.1 88.2 101.6 126.0

ND INDICATES NOT DETECTED AT LISTED flETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

j Transglobal
I 10805 Metric Boulevard,\

Environmental Geochemistry,
Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project 1: 1161—052

•1 ""Si I
..L.

TEG Project #930809T2

DATE OF ANALYSES: 08/17/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-42S GMI-54S GMI-55S GMI-56S MDL
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

ND ND ND ND 10
ND ND ND ND 4

ND ND ND ND 5
ND ND ND ND 4

ND ND ND ND 5
ND ND ND ND 5

ND ND ND ND 4

ND ND ND ND 4

ND ND ND ND 4

ND ND ND ND 3

ND ND ND ND 2
ND ND ND ND 5

ND ND ND ND 5

ND ND ND ND 3

ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 156.0 141.0 125.6 122.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal
10805 Metric Boulevard,':

Environmental Geochemistry,
Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297

-:

Vinyl chloride
1 , 1—Dichioroethene
Methylene Chloride
trans—i ,2—Dichloroethene
1, 1—Dichioroethane
cis—i ,2—Dichloroethene
Ben zene

Chloroform
1 , 1 ,1—Trichioroethane
Carbon Tetrachioride
Trichioroethene
1 ,2—Dichloropropane
Tol uene

Tetrachl oroethene

Ethyl benzene
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project 0: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/1 7/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-27S GMI-73S GMI—74S MDL
(ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND 10

1,1-Dichioroethene ND ND ND 4

Methylene Chloride ND ND ND 5
trans—i ,2—Dichloroethene 19 ND ND 4

1,i—Dichloroethane ND ND ND 5
cis—i,2—Dichloroethene 30 ND ND 5
Benzene ND ND ND 4
Chloroform ND ND ND 4
1,i,1—Trichloroethane ND ND ND 4
Carbon Tetrachioride ND ND ND 3
Trichioroethene 29 ND ND 2

1,2-Dichioropropane ND ND ND 5
Toluene ND ND ND 5
Tetrachioroethene ND ND ND 3
Ethyl benzene ND ND ND 5

Xylenes ND ND ND 5

Surrogate Recovery % 110.4 109.7 113.1

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Enwonmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

82
68
93
105
110
98
119
114
125
91

115
103
105
106
107

116.6

100
107
110
111

119
102
115
114
116
114
109
109
104

114

112

i7:t2j

I TransglobaiEnvi ron mental Geochemistry,
L 10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297

TEG Project #930809T2

DATE OF ANALYSES: 08/17/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2
(ug/L)

Vinylchi Qride ND 70 195
1 , 1—Dichioroethene
Methylene Chloride
trans—i ,2—Dichloroethene
1, 1—Dichloroethane
cis—1 ,2—Dichloroethene
Benzene
Chloroform
1,1 , 1—Trichioroethane
Carbon Te trachl on de

Trichloroethene
1 ,2—Dichloropropane
Tol uene

Tetrachi oroethene
Ethyl benzene

Xylenes

Surrogate Recovery % 106.9 106.7

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhaing Luu
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GEO-MARINE, INC. -L/J
Location: CARSWELL AFB, FORT WORTH, TEXAS

Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/18/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB81893 RB81893
MS MSD RPD

Vinylchloride 194 189 2.6
1,1—Dichioroethene 148 148 0.0
Methylene Chloride 100 92 8.3
trans—i ,2—Dichl oroetherze 106 98 7.8

1,1—Dichloroethane 105 100 4.9
cia—i ,2—Dichloroethene 114 110 3.6
Benzene 90 81 10.5
Chloroform 110 109 0.9
1,1,1—Trichloroethane 79 60 27.3
Carbon Tetrachioride 118 101 15.5
Trichloroethene 125 111 11.9

1,2—Dichioropropane 101 102 1.0
Toluene 99 86 14.1
Tetrachloroethene 119 104 13.5

Ethylbenzene 104 89 15.5

Xylenes 102 87 15.9

Surrogate Recovery % 96.0 87.2

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

S

TEG Project #930809T2

DATE OF ANALYSES: 08/19/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB81993 TB8193 GMI-O1N GMI-57S MDL

(ug/L) (ug/I) (ug/L) (ug/L) (ug/L)

Vinyl chl oride ND ND ND ND 10
1,1-Dichioroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5
trans-i ,2-Dichloroethené ND ND ND ND 4

1,1-Dichioroethane ND ND ND ND 5
cia—i ,2—Dichloroethene ND ND ND ND 5
Benzene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1-Trichioroethane ND ND ND ND 4

Carbon Tetrachioride ND ND ND ND 3
Trichioroethene ND ND ND ND 2

1,2-Dichioropropane ND ND ND ND 5
Toluene ND ND ND ND 5
Tetrachioroethene ND ND ND ND 3

Etlylbenzene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 79.2 110.7 81.5 105.6

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297

Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFE, FORT WORTH, TEXAS
Project #: 1161—052

I T'1.J_ I

TEG Project #930809T2

DATE OF ANALYSES: 08/19/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-58S GMI-59S GMI-66S GMI-94S MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

ND ND ND ND 10

ND ND ND ND 4

ND ND ND ND 5

ND ND ND ND 4

ND ND ND ND 5

ND ND ND ND 5

ND ND ND ND 4

ND ND ND ND 4

ND ND ND ND 4

ND ND ND ND 3

ND ND ND ND 2

ND ND ND ND 5

ND ND ND ND 5

ND ND ND ND 3

ND ND ND ND 5

ND ND ND ND 5

Vinyl chloride
1 , 1-Dichioroethene
Methylene Chloride
trans—i ,2—Dichloroethene
1 ,1—Dichloroethane
cis—i ,2—Dichloroethene
Benzene
Chloroform
1,1 ,1—Trichloroethane
Carbon Tetrachioride
Trichi oroethene

1 ,2—Dichloropropane
Tol uene

Tetrachi oroethene

Ethylbenzene
Xylenes

Surrogate Recovery % 117.8 127.3 112.3 78.9

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805' Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

I 2i3j

TEG Project #930809T2

DATE OF ANALYSES: 08/19/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-95S GMI-04N GMI-04D MDL
(ug/L) (ug/L) (ug/L) (ug/L)

Vinyl ciii oride ND ND ND 10

1,i-Dichloroethene ND ND ND 4

Methylene Chloride ND ND ND 5
trans-i ,2-Djchloroethene ND ND ND 4

1,1—Dichioroethane ND ND ND 5
cia—i ,2—Djchloroethene ND ND ND 5
Benzene ND ND ND 4

Chloroform ND ND ND 4

1,1,1—Trichloroethane ND ND ND 4

Carbon Tetrachioride ND ND ND 3
Trichloroethene ND ND ND 2

1,2—Dichioropropane ND ND ND 5
Toluene ND ND ND 5
Tetrachloroethene ND ND ND 3
Ethylbenzene ND ND ND 5
Xylenes ND ND ND 5

Surrogate Recovery % 115.0 97.9 104.7

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Denhsing Luu

t 10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/19/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2

(ug/L)

Vinyl chi oride ND 156 169

1,1—Dichloroethene ND 87 140

Methylene Chloride ND 88 87

trans—i ,2-Dichloroethene ND 93 102

1,1—Dichloroethane ND 96 107

cis—1,2—Dichloroethene ND 107 116

Benzene ND 84 78

Chloroform ND 103 115

1,1,1—Trichioroethane ND 92 94

Carbon Tetrachloride ND 100 122
Trichloroethene ND 104 126

1,2—Dichioropropane ND 100 109

Toluene ND 90 86
Tetrachloroethene ND 103 124

Ethylbenzene ND 94 91

Xylenes ND 93 89

Surrogate Recovery % 113.0 119.0 83.7

ND INDICATES NOT DETECTED AT LISTE') DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161-052

TEG Project #930809T2

DATE OF ANALYSES: 08/19/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB81993 RB81993
MS MSD RPD

Vinylchl oride 145 175 18.8

1,1—Dichioroethene 82 104 23.7
Methylene Chloride 71 113 45.7
trans—i ,2—Dichloroethene 79 116 37.9
1,1—Dichioroethane 80 124 43.1

cis—1,2—Dichloroethene 87 140 46.7
Benzene 62 87 33.6
Chloroform 86 133 42.9

1,1,1—Trichioroethane 68 105 42.8
Carbon Tetrachioride 82 121 38.4
Trichloroethene 87 132 41.1

1,2—Dichioropropane 82 129 44.5
Toluene 67 92 31.4
Tetrachioroethene 82 121 38.4

Ethylbenzene 69 94 30.7

Xylenes 67 91 30.4

Surrogate Recovery % 87.4 96.1

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schlejcher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/20/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB82093 TB82093 GMI-05N GMI-20N MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10

1,1-Dichioroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2-Dichl oroethene ND ND ND ND 4

1,1-Dichloroethane ND ND ND ND 5

cis-i,2--Dichloroethene ND ND ND ND 5
Ben zene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1—Trichioroethane ND ND ND ND 4

Carbon Tetrachioride ND ND ND ND 3

Trichioroethene ND ND ND ND 2

1,2-Dichioropropane ND ND ND ND 5
Toluene ND ND ND ND 5
Tetrachloroethene ND ND ND ND 3

Ethylbenzene ND ND ND ND 5

Xylenes ND ND ND MD 5

Surrogate Recovery % 58.2 73.0 74.2 103.7

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/20/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-26N GMI-27N GMI-35N MDL

(ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chloride ND ND ND 10

1,1—Dichloroethene ND ND ND 4

Methylene Chloride ND ND ND 5
trans-i ,2-Dichloroethene ND ND ND 4

1,1-Dichioroethane ND ND ND 5

cis—1,2-Dichloroethene ND ND ND 5
Benzene ND ND ND 4

Chloroform ND ND ND 4

1,1,1-Trichloroethane ND ND ND 4

Carbon Tetrachloride ND ND ND 3

Trichioroethene ND ND ND 2

1,2—Dichloropropane ND ND ND 5
Toluene ND ND ND 5
Tetrachloroethene ND ND lID 3

Ethyl benzene ND ND ND 5

Xylenes ND ND ND 5

Surrogate Recovery % 109.9 95.3 48.6

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
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ND
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107
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79
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L 10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297

TEG Project #930809T2

DATE OF ANALYSES: 08/20/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2
(ug/L) %

Vinyl chloride
1 ,1—Dichloroethene
Methylene Chloride
trans—i ,2—Dichloroethene
1 ,1—Dichioroethane
cis-1 ,2—Dichloroethene
Benzene
Chloroform
1,1 ,1—Trichloroethane
Carbon Tetrachioride
Trichloroethene
1 ,2—Dichloropropane
Tol uene

Tetrachioroethene
Ethyl benzene

Xylenes ND 87 87

Surrogate Recovery % 83.9 131.0 140.9

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/20/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB82093 R.B82093

MS MSD RPD

Vinyichioride 138 145 4.9

1,1—Dichioroethene 101 116 13.8

Methylene Chloride 93 75 21.4

trans—i ,2—Dichloroethene 101 85 17.2

1,1—Dichioroethane 107 87 20.6

cis—i,2—Dichloroethene 113 94 18.4

Benzene 85 69 20.8

Chloroform 115 98 16.0

1,1,1—Trichloroethane 93 68 31.1

Carbon Tetrachioride 108 95 12.8

Trichioroethene 113 101 11.2

1,2—Dichioropropane 113 91 21.6

Toluene 90 75 18.2

Tetrachioroethene 110 94 15.7

Ethylbenzene 93 79 16.3

Xylenes 91 77 16.7

Surrogate Recovery % 93.2 100.4

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas



GEO-MARINE, INC.

1?14

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/23/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB82393 TB82393 GMI-07N GMI-07D MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10

1,1-Dichioroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2-Dichloroethene ND ND ND ND 4

1,1-Dichloroethane ND ND ND ND 5
cis-i,2-Dichloroethene ND ND ND ND 5

Ben zene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1-Trichioroethane ND ND ND ND 4

Carbon Tetrachioride ND ND ND ND 3
Trichioroethene ND ND ND ND 2

1,2-Dichioropropane ND ND ND ND 5
Toluene ND ND ND ND 5
Tetrachioroethene ND ND ND ND 3

Ethyl ben zene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 96.7 65.1 55.6 69.4

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG' S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schi eicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/23/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-14N GMI-29N GMI-47N GMI-48N MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10

i,i-Dichloroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2-Dichloroethene ND ND ND ND 4

i,i-Dichloroethane ND ND ND ND 5

cis-1,2-Dichloroethene ND ND ND ND 5

Benzene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1-Trichloroethane ND ND ND ND 4

Carbon Tetrachloride ND ND ND ND 3
Trichloroethene ND ND 6 17 2

1,2-Dichioropropane ND ND ND ND 5
Toluene ND ND ND ND 5
Tetrachioroethene ND ND ND ND 3

Ethylbenzene ND ND ND ND 5

Xylenes ND ND ND ND S

Surrogate Recovery % 94.0 90.6 89.3 95.6

ND INDICATES NOT DETECTED AT LISTED JETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO—MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/23/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-49N MDL

(ug/L) (ug/L)

Vinyl chi oride ND 10

i,i—Dichloroethene ND 4

Methylene Chloride ND 5

trans-i ,2-Dichloroethene ND 4

1,1—Dichioroethane ND 5

cis—i,2—Dichloroethene 11 5

Benzene ND 4

Chloroform ND 4

1,1,1—Trichioroethane ND 4

Carbon Tetrachioride ND 3

Trichioroethene 57 2

1,2-Dichloropropane ND 5

Toluene ND 5

Tetrachioroethene 3

Ethylbenzene ND 5

Xylenes ND 5

Surrogate Recovery % 80.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG' S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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CEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

17214j

TEG Project #930809T2

Vinyl chloride
1 ,1—Dichloroethene
Methylene Chloride
trans—i ,2—Dichloroethene
1 ,1—Dichloroethane
cis—1 ,2—Dichloroethene
B en zene

Chloroform
1,1,1—Trichloroethane ND 122 84
Carbon Tetrachloride ND 126 100
Trichloroethene ND 117 110

1,2—Dichloropropane ND 115 102
Toluene ND 92 76

Tetrachloroethene ND 132 102
Ethyl benzene ND 99 81

Xylenes ND 97 80

Surrogate Recovery % 104.4

Transglobal
10805 Metric Boulevard,'-

Environmental Geochemistry,
Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297

T:;

DATE OF ANALYSES: 08/23/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2
(ug/L) %

ND 143 122
ND 88 90
ND 108 97
ND 108 90

ND 110 93
ND 121 105
ND 83 70
ND 117 105

103.6 79.1

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161-052

1?214

TEG Project #930809T2

DATE OF ANALYSES: 08/23/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB82393 RB82393
MS MSD RPD

Vinylchi oride 138 157 12.9

1,1—Dichioroethene 82 97 16.8
Methylene Chloride 115 155 29.6
trans—i ,2—Dichloroethene 103 138 29.0
i,i—Dichloroethane 110 149 30.1
cia—i ,2—Dichl oroethene 125 169 29.9
Benzene 80 106 28.0
Chloroform 123 163 28.0
1,1,1—Trichioroethane 104 149 35.6
Carbon Tetrachloride 107 145 30.2
Trichioroethene 116 142 20.2

i,2—Dichloropropane 120 161 29.2
Toluene 86 114 28.0
Tetrachioroethene 116 159 31.3
Ethylbenzene 89 118 28.0

Xylenes 86 116 29.7

Surrogate Recovery % 103.6 85.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/24/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB82493 TB82493 GMZ-23N GMI-30N MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chl oride ND ND ND ND 10

1,1—Dichioroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2-Dichloroethene ND ND 9 ND 4

1,1-Dichioroethane ND ND ND ND 5

cis-i,2—Dichloroethene ND ND 19 ND 5
Benzene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1—Trichloroethane ND ND ND ND 4

Carbon Tetrachloride ND ND ND ND 3

Trichioroethene ND ND 50 ND 2

1,2-Dichloropropane ND ND ND ND 5
Toluene ND ND ND ND 5
Tetrachioroethene ND ND ND ND 3

Ethylbnzene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 66.7 67.2 66.4 96.7

ND INDICATES NOT DETECTED AT LISTED JETECTION LIMITS

ANALYSES PERFORt'IED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO-MARIWE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 08/24/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2
(ug/L)

Vinyl chl oride ND 125 139
1,1—Dichloroethene ND 87 120
Methylene Chloride ND 129 118
trans—i ,2—Dichloroethene ND 112 113
1,1—Dichioroethane ND 136 116

cis-1,2—Dichloroethene ND 155 129
Benzene ND 113 92

Chloroform ND 146 126

1,1,1—Trichioroethane ND 130 108
Carbon Tetrachioride ND 128 126
Trichioroethene ND 139 139

1,2—Dichioropropane ND 146 123

Toluene ND 124 102
Tetrachioroethene ND 142 135

Ethyl benzene ND 130 109

Xylenes ND 130 108

Surrogate Recovery % 47.2 126.0 114.0

ND INDICATES NOT DETECTED AT LISTED r)ETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

L 10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO—MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

1'214 I

TEG Project #930809T2

DATE OF ANALYSES: 09/01/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB90193 TB90193 GMI—24N GNI-28N MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chl oride ND ND ND ND 10

1,1-Dichioroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2-Dichl oroethene ND ND ND ND 4

1,1-Dichloroethane ND ND ND ND 5

cis-i,2-Dichloroethene ND ND 138 ND 5

Ben zene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1 -Trichioroethane ND ND ND ND 4

Carbon Tetrachioride ND ND ND ND 3

Trichloroethene ND ND 294 ND 2

1,2—Dichioropropane ND ND ND ND 5

Toluene ND ND ND ND 5

Tetrachioroethene ND ND ND ND 3

Ethylbenzene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 151.5 149.2 161.6 149.1

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

IL
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297

Transglobal Environmental Geochemistry, Texas



GEO-MARINE, INC.

17214 i

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/01 /93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-32N GMI-33N GMI-36N GMI-39N MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10
1,1 -Dichioroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans—i ,2—Dichl oroethene 48 51 ND 15 4

i,1-Dichloroethane ND ND ND ND 5
cia—i ,2—Dichloroethene 57 74 ND ND 5
Benzene ND ND ND ND 4

Chloroform ND ND ND ND 4

i,1,1-Trichloroethane ND ND ND ND 4

Carbon Tetrachloride ND ND ND ND 3
Trichloroethene ND ND ND 170 2

1,2-Dichloropropane ND ND ND ND 5
Toluene ND ND ND ND 5
Tetrachioroethene ND ND ND ND 3

Ethylbenzene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 141.3 147.0 156.4 147.3

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFOR1ED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

L

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/01/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB90193 RB90193
MS MSD RFD

Vinylchloride 139 141 1.4

1,1—DichlQroethene 109 117 7.1

Methylene Chloride 110 109 0.9

trans-1,2—Djch1oroethene 104 105 1.0

1,1—Dichioroethane 111 110 0.9

cjs—1,2—Djchloroethene 112 114 1.8
Benzene 92 92 0.0
Chloroform 116 115 0.9
1,1,1—Trjchloroethane 106 103 2.9
Carbon Tetrachloride 132 119 10.4
Trichioroethene 146 153 4.7

1,2—Dichioropropane 104 104 0.0
Toluene 93 95 2.1
Tetrachloroethene 117 124 5.8

Ethylbenzene 93 95 2 . I
Xylenes 88 91 3.4

Surrogate Recovery % 93.3 94.6

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/01/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-40N GMI-41N GMI-42N GMI-43N MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinylchloride ND ND ND ND 10

1,1-Dichloroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5
trans—i ,2—Dichloroethene ND 91 ND ND 4

1,1-Dichioroethane ND ND ND ND 5

cis-1,2-Dichloroethene ND 76 ND ND 5
Ben zene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1-Trichloroethane ND ND ND ND 4

Carbon Tetrachioride ND ND ND ND 3

Trichioroethene ND 14 ND ND 2

1,2-Dichioropropane ND ND ND ND 5

Toluene ND ND ND ND 5
Tetrachioroethene ND ND ND ND 3

Ethyl benzene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 150.0 144.4 166.3 138.5

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/01/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB83193 MDL

(ug/L) (ug/L)

Vinyl chi oride ND 10

1,i—Dichloroethene ND 4

Methylene Chloride ND 5
trans—i ,2—Dichloroethene ND 4

1,1—Dichioroethane ND 5

cis—i,2—Dichloroethene ND 5
Ben zene ND 4

Chloroform ND 4

1,1,1-Trichioroethane ND 4

Carbon Tetrachioride ND 3

Trichioroethene ND 2

1,2—Dichioropropane ND 5
Toluene ND 5

Tetrachioroethene ND 3

Ethylbenzene 5

Xylenes ND 5

Surrogate Recovery % 146.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project f930809T2

DATE OF ANALYSES: 09/01/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2

(ug/L)

Vinylchloride ND 144 174

1,1—Dichloroethene ND 99 163

Methylene Chloride ND 98 113

trans-i ,2—Dichloroethene ND 100 84

1,1—Dichioroethane ND 99 120

cis—1,2-Dichloroethene ND 98 113
Benzene ND 99 96
Chloroform ND 99 127

1,1,1—Trichioroethane ND 99 84

Carbon Tetrachloride ND 99 146
Trichioroethene ND 99 153

1,2—Dichloropropane MD 99 112
Toluene ND 99 100

Tetrachloroethene ND 99 127

Ethylbenzene ND 100 100

Xylenes ND 101 95

Surrogate Recovery % 129.1 100.2 98.3

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

L4_

Transglobal
10805 Metric Boulevard,

Environmental Geochemistry,
Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297 T



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161-052

"' rI iL)J

TEG Project #930809T2

DATE OF ANALYSES: 09/02/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS

Surrogate Recovery % 142.0 139.6 142.8

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhaing Luu

Transglobal
10805 Metric Boulevard,' Environmental Geochemistry,

Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297

1'

Vinyl chloride
1 , 1—Dichloroethene
Methylene Chloride
trans—i ,2—Dichloroethene
1, 1-Dichioroethane
cia—i ,2—Dichloroethene
Ben zene

Chloroform
1,1, 1—Trichioroethane
Carbon Tetrachloride
Trichloroethene
1 ,2—Dichloropropane
Tol uene

Tetrachi oroethene

Ethylbenzene
Xylenes

GMI-45N GMI-45D GMI-46N MDL

(ug/L) (ug/L) (ug/L) (ug/L)

ND ND ND 10

ND ND ND 4
ND ND ND 5
ND ND ND 4

ND ND ND 5
ND ND ND 5
ND ND ND 4

ND ND ND 4

ND ND ND 4

ND ND ND 3
ND ND liD 2
ND ND ND 5
ND ND ND 5
ND ND ND 3

ND ND ND 5
ND ND ND .5
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161-052

TEG Project #930809T2

DATE OF ANALYSES: 09/02/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2

(ug/L)

Vinyl chi oride ND 133 139

1,1—Dichioroethene ND 108 118

Methylene Chloride ND 113 120

trans—i ,2—Dichloroethene ND 111 117

1,1—Dichioroethane ND 119 122

cia-i ,2—Dichloroethene ND 120 123

Benzene ND 92 94

Chloroform ND 122 129

i,1,1—Trichloroethane ND 110 118

Carbon Tetrachioride ND 115 125

Trichloroethene ND 143 152

1,2—Dichioropropane ND 110 117
Toluene ND 95 96

Tetrachloroethene ND 119 126

Ethyl benzene ND 96 97

Xylenes ND 90 91

Surrogate Recovery % 142.6 94.6 96.6

ND INDICATES NOT DETECTED AT LISTED PETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhaing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

4 -'- r—
.1. (L.)j

TEG Project #930809T2

DATE OF ANALYSES: 09/02/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB90293 P290293
MSD

149 152 2.0Vinyl chloride
1 , 1 —Dichioroethene
Methylene Chloride
trans—i ,2—Dichloroethene
1, i—Dichloroethane
cjs-1 ,2—Dichloroethene
Ben zene

Chloroform
1,1 ,1—Trichloroethane
Carbon Tetrachl oride
Trichloroethene
1 ,2-Dichloropropane
Tol uene

Tetrachloroethene
Ethyl ben zene

Xylenes

136 148 8.5

124 126 1.6

118 107 9.8

127 133 4.6

129 125 3.1

96 96 0.0

139 144 3.5
117 118 0.9

130 133 2.3
165 166 0.6

122 124 1.6

100 97 3.0
96 131 30.8
98 97 1.0

Surrogate Recovery % 98.8 97.2

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal
L 10805 Metric Boulevard,

Environmental Geochemistry,
Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297

MS RPD
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/03/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB90393 TB90393 GMI-37N MDL

(ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND 10

1,1-Dichloroethene ND ND ND 4

Methylene Chloride ND ND ND 5
trans—i ,2—Dichloroethene ND ND ND 4

1,i-Dichloroethane ND ND ND 5
cis—1,2—Dichloroethene ND ND ND 5
Benzene ND ND ND 4

Chloroform ND ND ND 4

1,1,1-Trichloroethane ND ND ND 4

Carbon Tetrachloride ND ND ND 3
Trichioroethene ND ND ND 2

1,2-Dichioropropane ND ND ND
Toluene ND ND ND 5
Tetrachioroethene ND ND ND 3

Ethylbenzene ND ND ND 5

Xylenes ND ND ND 5

Surrogate Recovery % 140.1 137.9 133.8

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal
10805 Metric Boulevard,'

Environmental Geochemistry,
Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

BLANK

(ug/L)

ND
ND
ND

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

99
87
109
93

97
99
89
100
89
89

134

94

92
116
92
88

113
101
123
107
107
114
87
114
105
104
136
103
91

132
92
87

r-_L (LJs

I Transglobal Environmental Geochemistry,
L 10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297

TEG Project #930809T2

DATE OF ANALYSES: 09/03/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS QCC#1 QCC#2

Vinyl chl oride

1 , 1—Dichloroethene
Methylone Chloride
trans—i ,2—Dichloroethene
1, i—Dichloroethane
cis—i ,2—Dichloroethene
Ben zene

Chloroform
1 ,i , 1 —Trichioroethane
Carbon Tetrachl oride
Trichloroethene
1 ,2-Dichloropropane
Tol uene

Tetrachloroethene
Ethyl benzene
Xyl enes

Surrogate Recovery % 133.8 92.6 93.3

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project 1: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/01/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB90193 RB90193
MS MSD RPD

Vinylchloride 139 141 1.4

1,1—Dichioroethene 109 117 7.1

Methylene Chloride 110 109 0.9

trans—i ,2—Dichloroethene 104 105 1.0

1,i—Dichloroethane 111 110 0.9

cis—1,2—Dichloroethene 112 114 1.8

Benzene 92 92 0.0

Chloroform 116 115 0.9

1,1,1—Trichloroethane 106 103 2.9

Carbon Tetrachioride 132 119 10.4

Trichioroethene 146 153 4.7

1,2—Dichloropropane 104 104 0.0
Toluene 93 95 2.1
Tetrachloroethene 117 124 5.8

Ethylbenzene 93 95 2.1

Xylenes 88 91 3.4

Surrogate Recovery % 93.3 94.6

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

—'-' r-.I

TEG Project #930809T2

Vinyl chloride
1 ,1—Dichloroethene
Methyl ene Chloride
trans—i ,2—Dichloroethene
1 ,i—Dichloroethane
cis—i ,2-Dichloroethene
Ben zene

Chloroform
1,1 ,1—Trichloroethane
Carbon Tetrachlorjde
Trichi oroethene

1 ,2—Dichloropropane
Toluene
Tetrachioroethene

Ethylbeizene
Xylenes

DATE OF ANALYSES: 09/02/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB90293 TB90293 GMI-31N GMI-44N MDL
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

ND ND ND ND 10

ND ND ND ND 4

ND ND ND ND 5

ND ND 48 ND 4

ND ND ND ND 5
ND ND 32 ND 5
ND ND ND ND 4

ND ND ND ND 4

ND ND ND ND 4

ND ND ND ND 3
ND ND ND ND 2
ND ND ND ND 5
ND ND ND ND 5
ND ND ND ND 3
ND ND ND ND 5
ND ND ND ND 5

Surrogate Recovery % 148.1 131.2 137.9 135.5

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

I Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297



GEO-MARINE, INC.

Location: CARSWELL AlE, FORT WORTH, TEXAS
Project 1: 1161—052

riu

TEG Project #930809T2

DATE OF ANALYSES: 09/03/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB90393 RB90393
MS MSD RPD

Vinyl chloride
1 , 1—Dichloroethene
Methylene Chloride
trans—i ,2—Dichloroethene
1 , 1 —Dichloroethane
cis—1 ,2—Dichloroethene
Benzene
Chloroform
1 , 1, i—Trichloroethane
Carbon Tetrachioride
Trichioroethene
1 ,2-Dichloropropane
Tol uene
Te trachi oroethene
Ethylbenzene
Xylenes

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297

110 124
102
127
109
110
115
95
113
105
104
154
104
96
131
98

115
130
111
116
120
95
122
109
112
163
113
99
140
99

12.0
12.0
2.3
1.8
5.3
4.3
0.0
7.7
3.7
7.4
5.7
8.3
3.1
6.6
1.0
2.292 94

Surrogate Recovery % 96.8 99.4

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/08/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB9O793 RB90893 TB9O 793 GMI-04W MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND ND 10

i,1-Dichloroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2-Dichloroethene ND ND ND ND 4

1,1—Dichloroethane ND ND ND ND 5

cia—i ,2-Dichloroethene ND ND ND ND 5
Ben zene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1-Trichioroethane ND ND ND ND 4

Carbon Tetrachlorjde ND ND ND ND 3

Trichioroethene ND ND ND 13 2

1,2-Dichloropropane ND ND ND ND 5

Toluene ND ND ND ND 5
Tetrachloroethene ND ND ND ND 3

Ethylbenzene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 145.6 119.9 125.3 145.8

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297- -- -



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/08/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-18W GMI-20W GMI-82S MDL

(ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chl oride ND ND ND 10

1,1-Dichioroethene ND ND ND 4

Methylene Chloride ND ND ND 5

trans-i ,2-Dichloroethene ND ND ND 4

1,1-Dichioroethane ND ND ND
cis-1,2-Dichloroethene ND ND ND
Benzene ND ND ND 4

Chloroform ND ND ND 4

1,1,1-Trichloroethane ND ND ND 4

Carbon Tetrachioride ND ND ND 3

Trichioroethene 3 ND ND 2

1,2-Dichloropropane ND ND ND 5

Toluene ND ND ND 5

Tetrachioroethene ND ND ND 3

Ethyl benzene ND ND ND 5

Xylenes ND ND ND 5

Surrogate Recovery % 157.6 147.6 136.4

ND INDICATES NOT DETECTED AT LISTED PETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project 1: 1161-052

TEG Project #930809T2

DATE OF ANALYSES: 09/08/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2

(ug/L) %

Vinyl chl oride ND 99 110

1,1—Dichioroethene ND 100 98

Methylene Chloride ND 100 101

trans—i ,2—Dichl oroethene ND 100 98

1,1—Dichioroethane ND 101 99

cis—i,2—Dichloroethene ND 101 101

Benzene ND 101 82
Chloroform ND 100 96

1,1,1—Trichloroethane ND 100 100
Carbon Tetrachloride ND 100 96

Trichloroethene ND 100 71

1,2—Dichioropropane ND 100 95
Toluene ND 100 85

Tetrachioroethene ND 100 93

Ethylbenzene ND 101 64

Xylenes ND 176 122

Surrogate Recovery % 98.0 102.0 108.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhaing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

.j

Vinyl chloride
1, 1-Dichioroethene
Methylene Chloride
trans—i ,2—Dichloroethene
1 ,1—Dichloroethane
cis—1 ,2—Dichloroethene
Benzene
Chloroform
1,1 ,1—Trichloroethane
Carbon Tetrachioride
Trichioroethene
1 ,2—Dichloropropane
Tol u ens

Tetrachi oroethene

Ethylbenzene
Xylenes

126

100
151

124

117
108
119

5.7
3.0
39.7
1.6
0.0
4.5
2.5

I

(..

Transglobal
10805 Metric Boulevard,,

Environmental Geochemistry,
Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297

TEG Project #930809T2

DATE OF ANALYSES: 09/08/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB90893 RB90893
MS MSD RPD

133

183

124

110
123

118
106

7.8
9.1

9.3
10.5
7.6
0.9
0.9

123
167
113
99

114

117
107
119
103

101

122

117
113

122

109
186

110
191

0.9
2.7

Surrogate Recovery % 104.9 102.7

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/09/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB90993 RB90993
MS MSD RPD

Vinyichioride 89 114 24.6

i,i—Dichloroethene 113 154 30.7

Methylene Chloride 120 146 19.5

trans—i ,2—Dichloroethene 118 146 21.2

i,i—Dichloroethane 121 154 24.0

cia—i ,2—Djchl oroethene 128 152 17.1

Benzene 91 110 18.9

Chloroform 127 150 16.6

1,1,1—Trichloroethane 125 143 13.4

Carbon Tetrachioride 121 145 18.0

Trichioroethene 113 145 24.8

1,2—Dichioropropane 114 143 22.6

Toluene 95 118 21.6

Tetrachioroethene 115 139 18.9

Ethylbenzene 94 112 17.5

Xylenes 162 194 18.0

Surrogate Recovery % 96.4 108.1

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

I Transglobal
L 10805 Metric Boulevard,

Environmental Geochemistry,
Austin, TX 78758 (512) 835-9299 FAX

Texas
(512) 835-9297 e

I
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GEO-MARINE, INC.

Location: CARSWELL AFBI FORT WORTH, TEXAS
Project 1: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/09/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2

(ug/L) %

Vinylchi oride ND 103 116

1,1—Dichioroethene ND 127 145

Methylene Chloride ND 127 150

trans—i ,2—Dichloroethene ND 124 146

.1,1—Dichioroethane ND 118 145

cis—1,2—Dichloroethene ND 128 152

Benzene ND 107 105

Chloroform ND 119 144

1,1,1—Trichioroethane ND 126 134

Carbon Tetrachloride ND 124 144

Trichloroethene ND 125 145

1,2—Dichioropropane ND 115 144

Toluene ND 111 106

Tetrachioroethene ND 127 136

Ethylbenzene ND 111 91

Xylenes ND 198 176

Surrogate Recovery % 127.6 129.1 150.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/09/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-52D GMI-53N GMI-56N MDL

(ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chloride ND ND ND 10

1,1-Dichioroethene ND ND ND 4

Methylene Chloride ND ND ND 5

trans—i ,2—Dichloroethene 7 ND ND 4

1,1—Dichioroethane ND ND ND 5

cis—1,2—Dichloroethene 9 MD ND 5
Benzene ND ND ND 4

Chloroform ND ND ND 4

1,1,1-Trichioroethane ND ND ND 4

Carbon Tetrachloride ND ND ND 3
Trichioroethene ND ND ND 2

1,2-Dichioropropane ND ND ND 5

Toluene ND ND ND 5

Tetrachloroethene ND ND ND 3

Ethyl benzene ND ND ND 5

Xylenes ND ND ND 5

Surrogate Recovery % 140.7 126.7 119.2

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas

L 10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297 6



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

I

TEG Project #930809T2

DATE OF ANALYSES: 09/09/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB90993 TB90993 GMI-51N GMI-52N MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chl oride

1 , 1—Dichloroethene
Methylene Chloride
trans—i ,2—Dichloroethene
1 ,i-Dichloroethane
cia-i ,2—Dichloroethene
Benzene
Chloroform
1,1, 1—Trichloroethane
Carbon Tetrachloride
Trichloroethene
1 ,2-Dichloropropane
Toluene
Tetrachloroethene
Ethyl benzene

ND ND ND ND 10

ND ND ND ND 4

ND ND ND ND 5
ND ND 72 8 4

ND ND ND ND 5
ND ND 61 6 5
ND ND ND ND 4
ND ND ND ND 4

ND ND ND ND 4

ND ND ND ND 3'
ND ND 27 ND 2
ND ND ND ND 5
ND ND ND ND 5
ND ND ND ND 3
ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 118.0 128.4 121.8 119.3

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/09/93
QUALITY CONTROL CHECK (QCC) - % ACCURACY

TARGET COMPOUNDS BLANK QCC#1 QCC#2

(ug/L)

Vinyl chl oride ND 103 116

i,1—Dichloroethene ND 127 145

Methylene Chloride ND 127 150
trans—i ,2—Dichl oroethene ND 124 146

1,1—Dichioroethane ND 118 145

cia—i ,2—Dichloroethene MD 128 152

Benzene ND 107 105

Chloroform ND 119 144

1,1,1—Trichioroethane MD 126 134

Carbon Tetrachioride ND 124 144
Trichloroethene ND 125 145

1,2—Dichloropropane ND 115 144

Toluene ND 111 106

Tetrachloroethene ND 127 136

Ethylbenzene MD 111 91

Xylenes ND 198 176

Surrogate Recovery % 127.6 129.1 150.0

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEa'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas



GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/09/93
% RECOVERY FOR MATRIX SPIKE AND MATRIX SPIKE DUPLICATE

TARGET COMPOUNDS RB90993 RB90993
MS MSD RPD

Vinylchi oride 89 114 24.6

1,1—Dichioroethene 113 154 30.7

Methylene Chloride 120 146 19.5

trans—i ,2—Dichloroethene 118 146 21.2

1,1—Dichioroethane 121 154 24.0

cis—1,2--Dichloroethene 128 152 17.1

Benzene 91 110 18.9
Chloroform 127 150 16.6

i,1,i—Trichloroethane 125 143 13.4

Carbon Tetrachioride 121 145 18.0

Trichloroethene 113 145 24.8

1,2—Dichioropropane 114 143 22.6
Toluene 95 118 21.6
Tetrachloroethene 115 139 18.9

Ethylbenzene 94 112 17.5

Xylenes 162 194 18.0

Surrogate Recovery % 96.4 108.1

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/09/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS RB90993 TB90993 GMI-51N GMI-52N MDL

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chl oride ND ND ND ND 10

1,1-Dichioroethene ND ND ND ND 4

Methylene Chloride ND ND ND ND 5

trans-i ,2—Dichl oroethene ND ND 72 8 4

1,1-Dichioroethane ND ND ND ND 5

cis—1,2—Dichloroethene ND ND 61 6 5

Ben zene ND ND ND ND 4

Chloroform ND ND ND ND 4

1,1,1-Trichloroethane ND ND ND ND 4

Carbon Tetrachioride ND ND ND ND 3

Trichloroethene ND ND 27 ND 2

1,2-Dichioropropane ND ND ND ND 5

Toluene ND ND ND ND 5

Tetrachioroethene ND ND ND ND 3

Ethyl benzene ND ND ND ND 5

Xylenes ND ND ND ND 5

Surrogate Recovery % 118.0 128.4 121.8 119.3

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

Transglobal Environmental Geochemistry, Texas
10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
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GEO-MARINE, INC.

Location: CARSWELL AFB, FORT WORTH, TEXAS
Project #: 1161—052

TEG Project #930809T2

DATE OF ANALYSES: 09/09/93
WATER ANALYSES BY EPA 8021

TARGET COMPOUNDS GMI-52D GMI-53N GMI-56N MDL

(ug/L) (ug/L) (ug/L) (ug/L)

Vinyl chi oride ND ND ND 10

1,1-Dichloroethene ND ND ND 4

lie thylene Chloride ND ND ND 5
trans—i ,2—Dichloroethene 7 ND ND 4

1,1—Dichloroethane ND ND ND
cjs—i,2--Djchloroethene 9 ND ND
Benzene ND ND ND 4

Chloroform ND ND ND 4

1,1,1—Trichioroethane ND ND ND 4

Carbon Tetrachioride ND ND ND 3

Trichloroethene ND ND ND 2

i,2-Dichloropropane ND ND ND 5

Toluene ND ND ND 5

Tetrachloroethene ND ND ND 3

Ethylbenzene ND ND ND 5

Xylenes ND ND ND 5

Surrogate Recovery % 140.7 126.7 119.2

ND INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG 'S TWC APPROVED MOBILE LABORATORY

ANALYSES PERFORMED BY: Paul Schleicher

DATA REVIEWED BY: Dr. Derhsing Luu

10805 Metric Boulevard, Austin, TX 78758 (512) 835-9299 FAX (512) 835-9297
Transglobal Environmental Geochemistry, Texas



- 
_.

 U 
E

N
V

IR
O

A
/M

E
N

T
U

 

E
O

I5
T

R
cI

P
C

. 
C

H
A

IN
-O

F-
C

U
ST

O
D

Y
 hL

..C
O

R
D

 

C
LI

E
N

T
 

A
D

D
R

E
S

S
 

i.V
7'

 ' S''
 

7.
 

P
H

 O
N

 E
 

'X
3 

5V
'J

.9
 

F
A

X
 

D
A

T
E

. 
.3

 
P

A
G

E
 

O
F

 

T
E

 G
 P

R
O

JE
C

T
 #

: 
7$

'' 9
 7

� 
LO

C
A

T
IO

N
. 

C
LI

 E
N

T
 P

R
O

J 
E

C
T

 #
 
///

—
 

P
R

O
JE

C
T

 M
A

N
A

G
E

R
. 
V

/ 
C

O
LL

E
C

T
O

R
:y

 ,-
1 

C
O

oN
 

S
am

pl
e 

N
um

be
r 

D
ep

th
 

T
im

e 
S

r)
e 

an
eT

 / 
N

O
T

E
S

 

xL
 

L 
. 

J/
:/p

//c
 
"]

__
r 

/7
:3

,#
C

 
" 

( 
Y

$9
_ 

,io
 

' 
x 

iii
i_

__
_ 

R
E

Li
N

Q
U

IS
H

E
D

 B
Y

 
(S

ig
na

tu
re

) 
D

A
T

E
IT

IM
E

 
R

E
C

E
I)

 B
)' 

()
gn

at
ur

e)
 

D
A

T
E

3Q
 

t. 
14

Jj
 

- o
 -3

 /
8o

c 
Y

—
- 3

 
R

E
LI

N
Q

4H
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/T
IM

E
 

R
E

C
E

IV
E

 
B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/T
IM

E
 

H
 

LA
B

O
R

A
T

O
R

Y
 N

O
T

E
S

: - 

E
1 

S
A

M
P

LE
 R

E
C

E
IP

T
 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 
C

H
A

IN
 O

F
 C

U
S

T
O

D
Y

 S
E

A
LS

 Y
IN

/N
A

 
S

E
A

LS
 IN

T
A

C
T

? 
Y

IN
/N

A
 

S
A

M
P

LE
 D

IS
P

O
S

A
L 

IN
S

T
R

U
C

T
IO

N
S

 
D

IS
P

O
S

A
L 

$2
.0

0 
ea

ch
 

R
et

ur
n 

—
 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
./C

O
LD

 



-.
 

4L
 

E
E

oc
iiE

M
IT

R
v.

Ir
C

. 
C

H
A

IN
-O

F
-C

U
S

T
O

D
Y

 h
...

C
O

R
D

 
E

w
,R

o%
nv

rA
L 

C
L 

E
 N

T
 

D
A

T
E

: 
P

A
G

E
 

O
F

 

A
D

D
R

E
S

S
 

T
E

G
 P

R
O

J 
E

C
T

 #
: 

9 
7 

P
H

 O
N

 E 
Z

2 
)3

 
F

A
X

 
- 

—
__

__
__

__
__

 
LO

C
A

T
I O

N
: 

// 
--

 

C
LI

E
N

T
 P

R
O

JE
C

T
 #

 
P

R
O

JE
C

T
 M

A
N

A
G

E
R

 /A
 

C
O

LL
E

C
T

O
R

: 
, 

S
am

p'
e 

N
um

be
r 

D
eP

th
 

m
e 

C
on

ta
in

 T
yp

e 
/ 

U
 

i1
S

 
1/

V
d 
--

- 
- -

 
4_

 
- 

—
--

-—
--

--
--

- 
m

Z
S

_ 
rz

3,
o 

M
Z

(-
 

15
O

 /' 2 Lt
2 

r2
/V

'i 
� 2 
I 

_ 
R

B
 
/O

i 
/5

 
f/>

4 
X

 X
 

—
__

_ 

- 
i_

_ 
11

:1
1:

—
 1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 

- 
—

 
- --

 —
 
—

—
 

H
 

R
E

IJ
N

Q
U

IS
H

E
D

 B
Y

 
IS

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 
P

E
IV

D
jn

at
U

1e
),

 
D

A
T

E
M

 
I 

?"
 

I 
A

( 

- —
 

—
—

—
—

—
—

 

1L
11

:1
11

h:
 

—
 

S
A

M
P

LE
 R

E
C

E
IP

T
 

LA
B

O
R

A
T

O
R

Y
 

N
O

T
E

S
: 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 

C
H

A
IN

 O
F

 C
U

S
T

O
D

Y
 S

E
A

LS
 Y

IN
/N

A
 

S
E

A
LS

 I
N

T
A

 
A

 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
JC

O
LD

 
N

O
T

E
S

: 
- 

R
E

LI
N

 
S

H
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/T
IM

E
 

R
E

C
E

IV
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

 
IM

E
 

E
D

,S
P

O
S

A
i1

N
S

T
R

U
C

T
IO

N
S

 
I 

T
E

G
D

P
O

S
A

L@
$2

.O
O

ea
C

h1
R

et
ck

uP
 

--
 



iV
&

 
L

 

E
N

V
IR

O
N

M
E

N
T

A
L

 

G
E

O
C

H
E

M
IS

T
R

Y
. I

N
C

. 
C

H
A

IN
-O

F-
C

U
ST

O
D

Y
 F

 L
O

R
D

 

C
LI

 E
 N

T
 

'' 
--

 

A
D

D
R

E
S

S
 
iT

i' /z
S

 
' 7

fL
 

f 
/ )

 
D

A
T

E
 

///
//3

 
P

A
G

E
 

O
F

 

T
E

G
 P

R
O

JE
C

T
 #

: 
93

c 
S

C
9 
7 

P
H

 O
N

 E 
(?

 //
,)

 
3 

—
 

F
A

X
 

LO
C

A
T

IO
N

 
L>

4'
, Z

- 
C

LJ
E

N
f 

R
O

JE
C

T
 #

 
///

—
C

.�Z
. 

P
R

O
JE

C
T

 
M

A
N

A
G

E
R

 
C

O
LL

E
C

T
O

R
: 
72

 /2Y
/(

5 
C

O
LL

E
C

O
N

:4
4A

 

S
am

pl
e 

N
um

be
r 

D
ep

 
m

e 
S

Ie
 

3T
O

 / 
N

O
T

/ 1
 

ll 
4r

' —
r 

- 
- 

- 

" 
'//

/ 'p 
,' 

—
--

--
—

 
?a

11
12

 
f2

55
 

' 
. 

4i
K

5 
/5

25
 

" 
) 

-—
- 

(,
 

" 
- 

--
- 

lii
i 

- 

R
E

LI
N

Q
U

IS
H

E
D

 B
Y

 
(S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 
R

 
E

IV
E

D
 

Y
 
(S

ig
na

tu
re

) 
D

A
T

E
IT

IM
E

 

Lw
i C

fL
Q

Q
 

9/
w

'q
3 

/$
'"Z

) 
-1

/i2
 %

'/3
 

R
E

LI
N

JI
S

H
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/T
IM

E
 

R
E

C
E

IV
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/T
IM

E
 

S
A

M
P

LE
 

R
E

C
E

IP
T

 
LA

B
O

R
A

T
O

R
Y

 N
O

T
E

S
: 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 

C
H

A
IN

 O
F

 C
U

S
T

O
D

Y
 S

E
A

LS
 Y

IN
/N

A
 

S
E

A
LS

 I
N

T
A

C
T

? 
Y

IN
/N

A
 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
.IC

O
LD

 
S

A
M

P
LE

 D
IS

P
O

S
A

L 
IN

S
T

R
U

C
T

IO
N

S
 



;0
9 

IR
A

 TV
SI

L
L

T
JB

A
L

 

E
N

V
IR

D
N

M
E

N
T

'IL
 

&
E

O
C

JI
E

M
IS

T
R

1r
 IA

/C
. 

C
H

A
IN

-O
F

-C
U

S
T

O
D

Y
 h

C
O

R
D

 

C
Li

E
N

T
 
__

__
__

__
__

__
__

__
__

 

A
D

D
R

E
S

S
 

_:
:;f

:5
 ' 

57
L 

7 
P

H
 O

N
 E 

'Y
 3' 

C
LI

E
N

T
 P

R
O

JE
C

T
 #

 
///

 
P

R
O

JE
C

T
 M

A
N

A
G

E
R

. 

T
E

G
 P

R
O

JE
C

T
 #

: 
5i

?c
 9

7 
LO

C
A

T
IO

N
 

//,
17

? 
/-

L.
- 

-7
 

D
A

T
E

 O
F

 
C

O
LL

E
C

T
O

R
: 

- 

co
t 

S
A

M
P

LE
 R

E
C

E
IP

T
 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
 

%
!N

 
O

F
 C

U
S

T
O

D
Y

 S
E

A
LS

 

T
A

C
T

? 
Y

IN
/N

A
 

LA
B

O
R

A
T

O
R

Y
 

N
O

T
E

S
: 

v 



E
W

IR
U

PI
IM

E
N

T
A

L
 

IN
C

. 
C

H
A

IN
-O

F
-C

U
S

T
O

D
Y

 R
LC

O
R

D
 

C
L 

E
 N

T
 

E
1 

"-
7,

4R
 -'-

4'
E

 
A

D
D

R
E

S
S

 
7L

 
7c

, 
/X

 
P

H
 O

N
 E 

3 
F

A
X

 
-_

__
__

__
__

__
__

__
__

__
 

D
A

T
E

. 
P

A
G

E
 

O
F

 

T
E

G
 P

R
O

JE
C

T
 #

: 
O

 ?
 7

2 
LO

C
A

T
IO

N
: 
e4

�. //
4'

' 
, 

7 
C

LI
E

N
T

 P
R

O
JE

C
T

 #
 

P
R

O
JE

C
T

 M
A

N
A

G
E

R
 

S
am

pl
e 

N
um

be
r 

D
ep

 
I 

S
m

P
Ie

1 yL
/x

 r 
:2

p 

C
O

LL
E

C
T

O
R

: 
// 

/'/
/5

 
C

O
LL

E
C

T
IO

N
://

3,
43

 

N
O

T
E

S
 

ii 
'i'

i.2
—

/,S
 
- f(

 ,, 
,, 

- 
Z

—
f,_

 
//•

3S
 

' 
'r 

, 
Z

-2
 

'2
.'L

X
 

" 
' 

)(
 

-c
C

) —
—

 •'
 1' t' 

1.
. 

/ç
3 

93
 I

' 
€f

 
X

 

R
E

LI
N

Q
U

IS
H

E
D

 B
Y

 
(S

i 
na

tu
re

) 
D

A
T

E
/T

IM
E

 
P

)'I
V

D
 B

Y
 

S
ig

na
tu

re
) 

D
A

T
E

/T
IM

E
 

C
. 

--
 /-'7

 ,"
 

$3
,4

' 
R

E
LI

N
Q

LS
H

E
D

 B
Y

 
(S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 
R

E
C

 
IV

E
D

 B
Y

 (
S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 

S
A

M
P

LE
 D

IS
P

O
S

A
L 

IN
S

T
R

U
C

T
IO

N
S

 
-—

__
__

__
__

_ 
LI

 T
E

G
 D

IS
P

O
S

A
L 

@
 $

2.
00

 e
ac

h 
I 

1 
R

et
ur

n 
I 
P

ic
ku

p 

S
A

M
P

LE
 R

E
C

E
IP

T
 

LA
B

O
R

A
T

O
R

Y
 

N
O

T
E

S
: 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 

C
H

A
IN

 O
F

 C
U

S
T

O
D

Y
 S

E
A

LS
 V

/N
/N

A
 

S
E

A
LS

 I
N

T
A

C
T

? 
Y

IN
/N

A
 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
./C

O
LD

 
N

O
T

E
S

: 



*e
g 

- 
E

N
V

IR
IJ

P
JM

E
N

-T
A

L 

E
E

Q
C

JI
E

M
IS

T
R

Y
. I

N
C

. 
C

H
A

IN
-O

F
-C

U
S

T
O

D
Y

 R
rC

O
R

D
 

C
L 

E
 N

T
 

A
D

D
R

E
S

S
 

P
H

O
N

E
 

- 
F

A
X

 

C
LI

E
N

T
 P

R
O

JE
C

T
 #

 
,'/

,-
y_

 
P

R
O

JE
C

T
 M

A
N

A
G

E
 

rim
e 

T
yp

e 
I 

C
on

ta
in

er
 T

yp
e 

1 

LA
B

O
R

A
T

O
R

Y
 

N
O

T
E

S
: 

S
A

M
P

LE
 D

IS
P

O
S

A
L 

IN
S

T
R

U
C

T
IO

N
S

 
LI

 T
E

G
 D

IS
P

O
S

A
L 

@
 $

2.
00

 e
ac

h 
LI

 R
et

ur
n 

H
 

D
A

T
E

: 

T
E

 G
 P

R
O

JE
C

T
 #

: 
9.

3 
1'

9 
7 

LO
C

A
T

 O
N

: 
i-j

i //
,4

i('
.-

 
Ih

-2
t' 

C
O

LL
E

C
T

O
R

: 
D

A
T

E
 O

F
 



*e
g 

- 
E

N
V

IR
 W

I/
M

E
N

T
A

L
 

G
E

O
C

II
E

F,
II

ST
R

Y
, IN

C
. 

C
H

A
IN

-O
F

-C
U

S
T

O
D

Y
 F

IL
C

O
R

D
 

C
L 

E
 N

T
 

A
D

D
R

E
S

S
 

''5
7'

 /"
 S7 

/ 
P

H
O

N
E

 
3 

F
A

X
 
-_

__
__

__
__

__
__

__
__

__
 

D
A

T
E

: 
r,

%
 ';

,/'
 3 

P
A

G
E

 
O

F
 

T
E

G
 P

R
O

JE
C

T
 #

: 
?3

 0
 S

 
LO

C
A

T
IO

N
: 

—
 

C
LI

E
N

T
 P

R
O

JE
C

T
 #

 
///

 Ø
5 

P
R

O
JE

C
f 

M
A

N
A

G
E

R
 4

'%
 

C
O

LL
E

C
T

O
R

: 
/I-

zp
' 

1/
/a

 
C

Q
LL

E
C

T
JO

N
f>

h,
43

 

Sa
m

pI
eN

um
be

r'D
ep

hJ
m

e!
e 

C
 

—
 

//'
:)

3 
' 

'I 
••

 &
 

45
S

 
/3

. 
" 

•' 
K

 .ç
 

-z
5-

c 
•' 

- 
--

.'s
 

17
(0

 
K

 
i--

73
S

 
• 

2Z
-7

7$
 

IS
T

 
r 

, 
, 

7C
27

 
'2

6 
'• 

—
 

—
 

t 
- ti 

--
--

- : 
R

E
 

IN
Q

U
IS

H
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/T
IM

E
 

R
E

 
IV

E
D

,,9
Y

 (
S

ig
na

tu
re

) 
D

A
T

E
IT

IM
E

 

C
 
JL

- 
g/

im
3 

Ilf
/ 

J4
/ 

(?
 

R
E

L(
N

T
S

H
E

b 
B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/T
I 

R
E

C
 

IV
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

rf
lM

E
 

J 

S
A

M
P

LE
 R

E
C

E
IP

T
 

LA
B

O
R

A
T

O
R

Y
 

N
O

T
E

S
: 

ii —
 

kj
 t 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 
C

H
A

IN
 O

F
 C

U
S

T
O

D
Y

 S
E

A
LS

 Y
IN

/N
A

 
S

E
A

LS
 I

N
T

A
C

T
? 

V
/N

/N
A

 
S

A
M

P
LE

 D
IS

P
O

S
A

L 
IN

S
T

R
U

C
T

IO
N

S
 

-_
__

__
__

 
—

 
L 

1 
T

E
G

 D
IS

P
O

S
A

L 
@

 $
2.

00
 e

ac
h 

1]
 R

et
ur

n 
[J

 P
ic

ku
p 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
./C

O
LD

 
N

O
T

E
S

: 



-.
 . 

L
 

E
N

V
IR

O
A

/M
E

N
T

4L
 

E
E

C
 

IS
T

R
IP

C
. 

C
H

A
IN

-O
F-

C
U

ST
O

D
Y

 h
C

O
R

D
 

C
L 

E
N

 T
 
-4

 
D
A
T
E
:
 

P
A
G
E
 

O
F
 

A
D
D
R
E
S
S
 

/'5
7 

/ 
T

E
G

 P
R

O
JE

C
T

 #
: 

3C
iC

) 
P

H
 O

N
 E

 
F

A
X

 
-_

__
__

__
__

__
__

__
__

__
 

LO
C

A
T

IO
N

 
—

 

C
LI

E
N

T
 P

R
O

JE
C

T
 #
 
/
/
/
-
'
 

P
R

O
JE

C
T

 M
A
N
A
G
E
R
.
 

C
O
L
L
E
C
T
O
R
:
 
/
y
 

C
Q

LL
E

C
O

N
:Z

44
3 

S
am

pl
e N

um
be

r 
T

hm
e 

C
of

fla
in

 Ty
pe

 
/ 

N
O

T
E

S
 

il 
i
.
C
-
?
c
s
 

9;
oc

 
" 

2
 

o
r
-
j
s
 

'c
't 

" 
' 

x
 

c
-
t
r
-
s
Y
3
 

iI:
C

C
 

k 
.-

 
E

-,
T

5 
/I.

'(ô
 

' 
" 

x
 

i/;
'7

C
' 

' 
" 

,&
 

/'(
3c

 
' 

i 
k 

N
 

i,Z
'-7

9.
5 

(i:
'3

:. 
" 

. 
,
)
(
 

: X
 

2
.
.
 

2
 

z—
s 

" 
" 

2 
rf

l/3
 - 

- 
- 

--
 

R
E

LI
N

Q
U

IS
H

E
D

 B
Y

 
(S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 
R

IV
Y

 (Sig
na

tu
1j

e)
 

D
A

T
E

/T
IM

E
 

nU
L-

 
81

, /i
 /7

 )'
/J

z 
%

/?
 

R
E

LI
N

IS
H

E
D

 B
Y

 
(S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 
R

E
C

 
IV

E
D

 B
Y

 
(S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 

11
11

11
11

11
1 

S
A

M
P

LE
 R

E
C

E
IP

T
 

LA
B

O
R

A
T

O
R

Y
 N

O
T

E
S

: 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 
C

H
A

IN
 O

F
 C

U
S

T
O

D
Y

 S
E

A
LS

 Y
IN

/N
A

 
S

E
A

LS
 I

N
T

A
C

T
? 

Y
IN

/N
A

 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
./C

O
LD

 
N

O
T

E
S

: 
- 

—
- 

S
A

M
P

LE
 D

IS
P

O
S

A
L 

IN
S

T
R

U
C

T
IO

N
S

 
H

 T
E

G
 D

IS
P

O
S

A
L 

@
 $

2.
00

 e
ac

h 
I 

R
et

ur
n 

: 
P

ic
ku

p 



- 
L

L
 

E
N

V
IR

W
IM

E
J'

.I
T

4L
 

G
E

O
C

H
E

M
,S

T
R

C
. 

C
H

A
IN

-O
F-

C
U

ST
O

D
Y

 h
C

O
R

D
 

C
LI

 E
 N

T
 

4,
Z

/L
J E

 
A

D
D

R
E

S
S

 
5ç

Z
 

c7
 /'5

7 
7/

'-'
c 

/ k
. 

P
H

 O
N

 E
 

vj
 v

.. 
3 

F
A

X
 
- 

, 

C
LI

E
N

T
 P

R
O

JE
C

T
 #

 
//,

/ —
 

52
 

P
R

O
JE

C
T

 M
A

N
A

G
E

R
. 4

 —
'e

 

S
am

pl
e 

N
um

be
r 

D
ep

th
 

m
e 

co
nn

er
 T

yp
e 

1;
 

'O
JS

 

D
A

T
E

 
Z

// 
/'3

 
P

A
G

E
 

O
F

 

lE
G

 P
R

O
JE

C
T

 *
: 

? 
LO

C
A

T
I O

N
: 

//,
L-

, 
D

A
T

E
 O

F
 

C
O

LL
E

C
T

O
R

: 
Iy

' '1
'7

.3
 

C
O

LL
E

C
T

IO
N

:'9
 

N
O

T
E

S
 

I—
 

2.
 

;r
1f

5 
/' 

i±
 

- 
zr

5 
-y

3 
'' 

' 
" 

- -
 

Z
-s

 
'I 

, 
?c

 

o'
N

 
<

cL
Z

—
O

./A
/ 

r—
C

y'
 
'' I ' 

' " 
)(

 X
 

)(
 

z a 
'A

'?
3 

O
:?

 
(' 

" 
g 

a 

1-
- 

R
E

LI
N

Q
U

IS
H

E
D

 B
Y

 
(S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 
C

E
 V

E
 

B
Y

 (
S

ig
na

tu
re

) 
D

A
T

E
 

IM
E

 

Q
 
ijj

 ' i
1(

' /f
 0 

/ 
LI

N
 

S
H

E
D

 B
Y

 
(S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 
R

E
C

E
I 

0 
B

Y
 (

S
ig

na
tu

re
) 

D
 

T
E

IT
IM

E
 

S
A

M
P

LE
 D

IS
P

O
S

A
L 

IN
S

T
R

U
C

T
IO

N
S

 
H

 
T

E
G

 D
IS

P
O

S
A

L 
$2

.O
O

 ea
ch

 
I 

R
et

ur
n 

H
 P

ic
ku

p 

S
A

 M
P

LE
 R

E
C

E
IP

T
 

LA
B

O
R

A
T

O
R

Y
 

N
O

T
E

S
: 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 

C
H

A
IN

 O
F

 C
U

S
T

O
D

Y
 S

E
A

LS
 Y

IN
/N

A
 

S
E

A
LS

 I
N

T
A

C
T

? 
Y

IN
/N

A
 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
./C

O
LD

 
N

O
T

E
S

: 

—
 

—
 

—
 



E
N

V
IR

O
N

M
E

N
tA

L
 

gi
's

JV
Sf

iw
j4

L
 

E
E

C
 

IT
R

} 
IN

C
. 

C
H

A
IN

-O
F

-C
U

S
T

O
D

Y
 R

.C
O

R
D

 

C
L 

E
 N

T
 

; 
A

D
D

R
E

S
S

 

D
A

T
E

: 
P

A
G

E
 

O
F

 

T
E

G
 P

R
O

JE
C

T
 #

: 
7 

P
H

 O
N

 E 
3 

F
A

X
 
-_

__
__

__
__

__
__

__
__

__
 

LO
C

A
T

I O
N

: 
- d

 
C

LI
E

N
T

 P
R

O
JE

C
T

 #
 

P
R

O
JE

C
T

 M
A

N
A

G
E

R
 V

A
 te

.' 
C

O
LL

E
C

T
O

R
: 
-j/

 
C

O
U

E
C

flO
N

$/
 

Sa
m

pl
e 

N
um

be
r 

D
ep

th
 

flm
e 

T
pe

 
N

O
T

E
S

 
-°

 
—

 

I—
 

zi
7L

( 
f5

 
/1

 
'' 

i 
—

 

2-
 

'Z
-/

 
" 

' 
--

 1
 

—
 

—
 

—
 —

 —
 

r4
? 

—
—

 /°
 

" 
4 

J 
tz

--
'V

 
/Z

i 
' 

" 
) X

 

-_
_-

--
--

I—
±

iii
iii

ii 
-_

__
j_

__
1_

 
R

E
LI

N
Q

U
IS

H
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/li
M

E
 

R
 

E
IV

E
 
Y

 (S
ig

na
tu

re
) 

D
A

T
E

JT
IM

E
 

2e
i (

i. 
h-

'--
- 

/2
c/

' 
/7

 
£4

te
%

-1
 

/7
 

R
E

LI
N

JI
S

H
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/T
IM

E
 

R
 

IV
D

 B
Y

 (
S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 

S
A

M
P

LE
 D

IS
P

O
S

A
L 

IN
S

T
R

U
C

T
IO

N
S

 
H

 T
E

G
D

!S
P

O
S

A
L@

$2
.O

O
ea

ch
1I

R
et

U
rf

l]P
lC

kU
P

' 

iiI
iII

III
IIi

 
--

- 
- 

—
- 

S
A

M
P

LE
 R

E
C

E
IP

T
 

LA
B

O
R

A
T

O
R

Y
 

N
O

T
E

S
: 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 

C
H

A
IN

 O
F

 C
U

S
T

O
D

Y
 S

E
A

LS
 Y

IN
/N

A
 

S
E

A
LS

 I
N

T
A

C
T

? 
Y

IN
/N

A
 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
/C

O
LD

 
N

O
T

E
S

: 
—

- 



tR
A

ft
/S

6L
D

1J
A

L
 

E
N

V
IR

D
N

M
FN

T
4L

 

te
g 

G
E

O
IR

Ir
C

. 
C

H
4I

N
O

F
-c

us
T

oD
y 

R
LC

O
R

D
 

C
LI

 E
 N

T
 

D
A

T
E

 
2/

 ,/?
S

 
P

A
G

E
 

O
F

 

A
D

D
R

E
S

S
 iS

 5
7 
/ 1 

7%
4J

, 
75

 
T

E
 G

 
P

R
O

JE
C

T
 #

: 

P
H

 O
N

 E
 
/ /) 7

Q
 3

 S
V

 6 
F

A
X

 
- 

LO
C

A
T

IO
N

: 
(€

// 
,4

 /rZ
14

? 
/k

 
C

LI
E

N
T

P
R

O
JE

C
T

# 
///

—
25

 P
R

O
JE

C
T

 
M

A
N

A
G

E
R

//A
 

i' 
C

O
LL

E
C

T
O

R
:/—

///
/c

 

S
am

pl
e 

N
um

be
r 
D

h 
T

 
S

(e
 

N
O

T
E

S
 

)5
4/

3 
('i

iz
-'/

/ 
//.

2O
 
' , .f 

, 
2 

r-
i —

 
'f 

z_
/d

14
/ 

fc
 '

 
j 

Z
. 

ir-
2/

 
/�1

'5
 
' 

'( 
X

 X
 

z 
2:

-o
7v

 
/:3

 
(f

 
' 

r3
s?

3 
/i)

 ' 
" 

2.
 

6Z
-O

7 
" 

nt
 

-_
_-

 - -—
—

 

R
E

N
Q

U
IS

H
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/T
IM

E
 

A
V

e&
 (Si

gn
at

ur
e)

 
D

A
T

E
/T

IM
E

 

( 
fJ

i>
 

x 
.2

3 
/2

ci
ti 
)L

' �/
1"

 
R

E
LI

N
Q

H
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

tE
/T

IM
E

 
R

E
C

E
IV

E
D

 B
Y

 (
S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 

S
A

M
P

LE
 R

E
C

E
IP

T
 

LA
B

O
R

A
T

O
R

Y
 N

O
T

E
S

: 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 

C
H

A
IN

 O
F

 C
U

S
T

O
D

Y
 S

E
A

LS
 Y

IN
/N

A
 

S
E

A
LS

 I
N

T
A

C
T

? 
Y

IN
/N

A
 

—
 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
./C

O
LD

 
—

 
N

O
T

E
S

: 
S

A
M

P
LE

 D
IS

P
O

S
A

L 
IN

S
T

R
U

C
T

IO
N

S
 

[H
 

T
E

G
 D

IS
P

O
S

A
L 

$2
.0

0 
ea

ch
 

I 
R

et
ur

n 
Li

 P
ic

ku
p 

—
 



- 
L

 
E

N
V

IR
O

A
IM

E
N

T
A

L 
E

O
C

H
E

M
1S

T
R

IC
. 

C
H

A
IN

-O
F-

C
U

ST
O

D
Y

 F
iC

O
R

D
 

C
LI

 E
 N

T
 

D
A

T
E

: 
/'9

 3 
P

A
G

E
 

O
F

 

A
D

D
R

E
S

S
 
S

t)
 7

L 
/S

' 5
t 

"k
'. 

T
E

G
 P

R
O

JE
C

T
 #

: 
3C

 ?c
 9

 7
 

P
H

O
N

E
 (i

'q
') 

'V
 

F
A

X
 
-_

__
__

__
__

__
__

__
__

__
__

 
LO

C
A

T
IO

N
: 

,' 
L-

i' 7
5?

 
C

LI
E

N
T

P
R

O
JE

C
T

# 
///

 
C

O
LL

E
C

T
O

R
:/c

.i/
 

C
O

LL
E

C
'fl

O
N

: 

Sa
m

pl
e 

N
um

be
r 

D
ep

th
 

T
hm

e 
T

pe
 

N
O

T
E

S
 

i_
°ö

 

2&
/Z

 
- 

- 
i/.

&
 

!' 
—

 
—

 
z 

-_
-—

-—
-—

 
_i

iii
tii

ii 
III

III
 

R
E

U
N

O
U

IS
H

E
D

B
Y

(S
ig

na
w

re
) 

D
A

T
E

R
IM

E
 

,'E
D

 
S

na
tU

� 
D

A
iM

E
; 

D
A

T
E

/T
IM

E
 

iii
iii

iii
ii-

_i
rii

Li
 

iii
iii

iii
iti

 
E

iii
 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 
LA

B
O

R
A

T
O

R
Y

 
N

O
T

E
S

: 

A
 

IN
T

A
C

T
? 

Y
IN

/N
A

 

Y
IN

/N
A

 —
 

S
A

M
P

LE
 D

IS
P

O
S

A
L 

IN
S

T
R

U
C

T
IO

N
S

 
-_

__
__

__
__

_ 
T

E
G

 D
IS

P
O

S
A

L 
$2

.0
0 

ea
ch

 
R

et
ur

n 
Li

 P
ic

ku
p 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
./C

O
LD

 
N

O
T

E
S

: 

—
 

—
 

' 



vs
&

 L 
E

A
!V

IR
O

N
P

,IE
V

T
4L

 

G
F

O
C

H
R

Y
,C

. 
C

H
A

IN
-O

F
-C

U
S

T
O

D
Y

 h
C

O
R

D
 

C
LI

E
N

T
 
e 

- 
D

A
T

E
. 

7 
3 

P
A

G
E

 
O

F
 

A
D

D
R

E
S

S
 
53

 
"I

Z
T

 
5/

 
i_

__
__

__
 

lE
G

 P
R

O
JE

C
T

 #
: 

P
H

O
N

E
 

Y
 3 

F
A

X
 

LO
C

A
T

IO
N

 
C

L.
IE

N
r D

R
O

IE
C

J 
# 

P
R

O
JE

C
T

 M
A

N
A

G
E

R
 

C
O

LL
E

C
T

O
R

: 

S
am

pl
e 

N
um

be
r 

D
ep

 h
 

lim
e 

S
am

p!
ei

 
c 

er
 T

yp
e 

ii 
III

 - 
- 

iJ
'_

__
 /7.21

:)
j 

" 
__

L_
4L

. 
-,

 
I, 

'I 

-.
./A

1 
?'

oo
 

/O
?)

 
" " 

" 
K

 K
 

I1
2T

31
A

J 
ff:

) 
, 

x 
x 

fi4
'2

W
 

f'/
x 

,' (,
 

, I, 
- 

—
r-

 '71
41

' 

71
Lf

t3
J 

43
__

 I' (7
:/c

f 

" " 
1?

 
: 

/.)
:o

o 
' 

—
 /?

 i
i 

c 
—

 
—

 
—

 
-.

 
--

--
.-

--
—

 -
--

—
 -

..-
- 

-—
 

L I 

- -
--

 
-_

__
- 

R
E

IN
O

U
S

H
E

D
 BY

 
(S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 
R

E
9V

E
D

 E
J 

(S
ig

na
tu

re
) 

D
A

T
E

/T
IM

 
C

. /e
 //9

3 
/Y

 
?7

a/
 —

 

F
R

E
LI

N
IS

H
E

D
 B

Y
 

(S
ig

na
W

re
) 

D
A

T
E

/T
IM

E
 

R
E

C
E

IV
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/T
IM

E
 

-_
__

 
—

—
 

S
A

M
P

LE
 R

E
C

E
IP

T
 

LA
B

O
R

A
T

O
R

Y
 

N
O

T
E

S
: 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 
C

H
A

IN
 O

F
 C

U
S

T
O

D
Y

 S
E

A
LS

 Y
IN

/N
A

 
S

E
A

LS
 I

N
T

A
C

T
? 

Y
IN

/N
A

 
R

E
C

E
IV

E
D

 G
O

O
D

 C
O

N
D

./C
O

LD
 

N
O

T
E

S
: 

—
 

S
A

M
P

LE
 D

IS
P

O
S

A
L 

IN
S

T
R

U
C

T
IO

N
S

 
T

E
G

 D
IS

P
O

S
A

L 
@

 $
2.

00
 e

ac
h 

R
et

ur
n 

. 
P

ic
ku

p 



E
N

V
,R

D
N

M
E

A
T

A
L 

I fI
M

iw
H

4L
 

&
E

13
C

H
E

M
15

T
R

IP
C

. 
C

H
A

IN
-O

F
-C

U
S

T
O

D
Y

 h
L.

.C
O

R
D

 

D
A

T
E

: 
P

A
G

E
 

O
F

 

S
 5

IL
2 

57
 t 

T
E

G
 P

R
O

J 
E

C
T

 #
: 

3 
C

 
7T

 
41

4 
c/

2J
 - 

-_
__

__
__

 FA
X

 
LO

C
A

T
IO

N
: 
et

/8
. 

P
R

O
 IF

C
T

 #
 

P
R

O
JE

C
T

 M
A

N
A

G
E

R
 

C
O

LL
E

C
T

O
R

: 
C

LE
C

O
N

: 

U
eb

 
Im

e 
H

: 
-I

-T
h-

 
—

 
--

--
--

—
--

- 
--

-—
-—

', 
'—

--
-—

H
--

--
—

--
- 

'' 
A

5L
LL

t 
'f 

6Z
-Y

yW
__

_ 
2 

" 
" 

x 
X

 
—

 
' 

jri
 

B
Y

 
S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 
R

E
9I

V
E

D
 B

)S
ig

na
tu

re
) 

D
A

T
E

 
I 

E
 

j'h
jL

j 
q/

.2
/f 
3 

B
Y

 
(S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 
R

E
C

E
IV

E
D

 B
Y

 
( 

ig
na

tu
re

) 
A

 
/T

IM
E

 

' 
P

III
IL

±
I_

__
__

__
__

 
S

A
M

P
LE

 R
E

C
E

IP
T

 
LA

B
O

R
A

T
O

R
Y

 
N

O
T

E
S

: 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 

C
H

A
IN

 O
F

 C
U

S
T

O
D

Y
 S

E
A

LS
 V

/N
IN

A
 

S
A

M
P

LE
 D

IS
P

O
S

A
L 

IN
S

T
R

U
C

T
IO

N
S

 

L;
 T

E
G

 
D

IS
PO

SA
L

 
$2

.0
0 

ea
ch

 
1 
R

et
 ur

n 
P

IC
kU

P
 

- 

S
E

A
LS

 I
N

T
A

C
T

? 
Y

IN
/N

A
 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
.J

C
O

LD
 

: 

N
O

T
E

S
: 



- 
E

rv
:R

oN
M

Lv
r'L

 

t€
X

J 
G

E
O

C
H

E
M

IS
T

R
Y

. 
Ic

. 
C

H
A

IN
-O

F
-C

U
S

T
O

D
Y

 R
LC

O
R

D
 

- 
D

A
T

E
: 

P
A

G
E

 
O

F
 

S
T

T
(L

 9
5 

/-
T

 
T

E
G

 P
R

O
JE

C
T

 #
: 

-.
ic

 
3 

F
A

X
 

LO
C

A
T

IO
N

: 

R
O

JF
C

 #
 

P
R

O
JE

C
T

 M
A

N
A

G
E

R
 

C
O

LL
E

C
T

O
 

N
um

r 
T

yp
e 

1o
 

//,
LL

_ 
—

 
—

 - 
- 

-2
g 

--
—

 

—
 

-,
 

- 
- 

I 
j_

_ 
IN

Q
U

IS
H

E
D

 B
Y

 
S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 
0 

(S
ifl

3t
U

C
 

D
A

T
E

/T
IM

E
 

A
 

E
 

C
 

P
T

 
LA

B
O

R
A

T
O

R
Y

 N
O

T
E

S
: 

Q
 

- 
P

 
E

t 

/ TOT
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 

B
Y

 
(S

ig
na

tu
re

) 
D

A
 

E
/T

IM
E

 
R

E
C

 
IV

E
D

 B
Y

 (
S

ig
na

tu
re

) 
nA

T
E

/T
IM

E
 

C
H

A
IN

 O
F

 C
U

S
T

O
D

Y
 S

E
A

LS
 Y

IN
/N

A
 

S
E

A
LS

 I
N

T
A

C
T

? 
Y

IN
/N

A
 

p 
S

A
M

P
LE

 D
IS

P
O

S
A

L 
IN

S
T

R
U

C
T

IO
N

S
 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
./C

O
LD

 

T
E

G
S

P
O

S
A

L@
 $

2O
ea

R
em

uP
 

O
T

E
S

: 



E
N

V
IR

O
N

M
E

N
T

A
L 

IR
4p

./S
G

LD
S

A
L 

&
E

O
fj

1E
M

,S
T

R
Y

C
. 

C
H

A
IN

-O
F-

C
U

ST
O

D
Y

 R
r:

C
O

R
D

 

C
LI

E
N

T
 

D
A

T
E

: 
P

A
G

E
 

O
F

 

A
D

D
R

E
S

S
 
15

2)
 

/5
 

34
fo

 ,/
-&

S
 

T
E

G
 P

R
O

JE
C

T
 #

: 
?3

C
8c

 7
.2

 
P

H
O

N
E

 
( /)

 Yc2
3 

F
A

X
 
- 

LO
C

A
T

IO
N

. 
-s

' /
/ r

-.
i 
,z

 L
- ',

 7'3
, 

C
LI

E
N

T
 P

R
O

JE
C

T
# 

///
—

i5
2 

P
R

O
JE

C
T

 M
A

N
A

G
E

R
. L

/4
' 

C
O

LL
E

C
T

O
R

: 
2Z

/ 1
1/

'S
 

C
O

LL
E

C
O

N
:J

3 

Sa
m

pl
e 

N
um

be
r 

D
h 

T
 

S
P

eI
e 

N
O

T
E

S
 

—
 - —

- —
- 

- -
 H

--
 

C
c/

/e
c7

//7
/?

i 
—

 
'I 

—
- 

i'z
—

Z
O

?_
_ 

Y
R

9O
7?

3 
// ."
 

" " 
- .

 
9O

g9
3 

" 
—

 
G

P
1r

gZ
S

 
'L

_ 
" 

i X' 

-_
 

I 
i—

H
-—

 

iE
E

E
 

—
—

H
—

—
H

i 

__
__

 
ii 

ii 
ii 

ii 
:. 
: ii

 ii 
ii 

ii 
R

E
LI

N
Q

U
IS

H
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/T
IM

E
 

R
IV

E
D

 
(S

ig
na

tu
re

) 
D

A
T

E
IT

IP
E

 

C
 
rk

uL
. 

—
 

S
A

M
P

LE
 R

E
C

E
IP

T
 

LA
B

O
R

A
T

O
R

Y
 N

O
T

E
S

: 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 

C
H

A
IN

 O
F

 C
U

S
T

O
D

Y
 S

E
A

LS
 Y

IN
/N

A
 

S
E

A
LS

 I
N

T
A

C
T

? 
Y

IN
/N

A
 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
.IC

O
LD

 
N

O
T

E
S

: 

R
E

LI
N

 
S

H
E

D
 B

Y
 

(S
ig

na
tu

re
) 

D
A

T
E

/T
IM

E
 

R
E

 
IV

 
B

Y
 

(S
ig

na
tu

re
) 

A
T

 
IM

E
 

S
A

M
P

LE
 D

IS
P

O
S

A
L 

IN
S

T
R

U
C

T
IO

N
S

 

Li
 T

E
G

 D
IS

P
O

S
A

L 
@

 $
2.

00
 e

ac
h 

iR
et

ur
fl 

[1
 P

ic
ku

p 
—

 



-.
 

E
E

LJ
rJ

IE
M

IN
T

R
Y

.IC
. 

C
H

A
IN

-O
F-

C
U

ST
O

D
Y

 h
_C

O
R

D
 

E
N

V
IR

LJ
/%

/M
E

P
1T

A
L 

- 
/4

j 
D

A
T

E
; 

/ 3 
PA

G
E

 
O

F
 —

 
S

 
55

Z
) 

z!
i .5

 7
 

- 'f
 

, 
T

E
 G

 
P

R
O

JE
C

T
 *

: 
73

 C
 

0 
T

2.
 

fç
J i?

') 
'v

 -
 

F
A

X
 

LO
C

A
T

IO
N

; 
1'

T
 ,

'k
�K

_-
- 

/ 
./ 

D
A

T
E

 O
F

 

P
R

O
JE

C
T

 #
 
///

 
P

R
O

JE
C

T
 M

A
N

A
G

E
R

; 4
/, 
4i

ie
 C

O
LL

E
C

T
O

R
: 

Z
-,

' 
C

O
LL

E
C

T
IO

N
 

N
um

be
r 

D
ep

i 
S

m
pI

e 
N

O
T

E
S

 
ii 

- 
—

 
—

 —
 

—
 

—
 

T
I 

$/
A

/_
/1

aL
 

' 
i'.

25
24

 
/�z

o 
,, 

X
 

3M
 
i ' 

'( 
1/

 
' 

X
 X

 
—

5A
/_

 / 'I L
±

 

T
4E

I1
__

 
T

 
B

Y
 

(S
ig

na
W

re
) 

D
A

T
E

IT
IM

E
 

R
E

IV
E

9 
B

 (S
ig

na
tu

re
) 

D
A

T
E

IT
I 

( 
nQ

2 
cB

Ic
3 

/2
5 

?/
,/?

 
R

E
C

E
IV

E
D

B
Y

 
(S

ig
na

tu
re

) 
D

A
T

E
/T

IM
E

 

S
A

M
P

LE
 D

IS
P

O
S

A
L 

IN
S

T
R

U
C

T
IO

N
S

 

T
E

G
 

D
IS

P
O

S
A

L 
$2

.0
0 

ea
ch

 
I 
R

et
ur

n 
P

ic
ku

p 
- 

- 

—
 

S
A

M
P

LE
 R

E
C

E
IP

T
 

LA
B

O
R

A
T

O
R

Y
 

N
O

T
E

S
: 

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 C

O
N

T
A

IN
E

R
S

 

C
U

S
T

O
D

Y
 S

E
A

LS
 Y

IN
/N

A
 

R
E

C
E

IV
E

D
 G

O
O

D
 C

O
N

D
./C

O
LD

 

N
O

T
E

S
: 



Key To Soil Classification and Symbols 1?LaL
SOIL TYPE SAMPLE TYPE

(Shown in Symbol Column) (Shown in Samples Column)

Sand Silt Clay

$ 0
Fill Sandy Silty Clayey Undisturbed Rock Core Split Spoon No Recovery

Predominant Type Shown Heavy

TERMS DESCRIBING CONSISTENCY OR CONDITION

COARSE GRAINED SOILS (Major portion Retained on No. 200 Sieve)
Includes (1) clean gravels and sand described as fine, medium or course, depending on distribution of grain sizes (2) silty or clayey gravels and
sands and (3) fine grained low plasticity soils (P1 < 10) such as sandy silts. Condition is rated according to relative density, as determined by lab
tests or estimated from resistance to sampler penetration.

Descriptive Term Penetration Resistance* Relative Density
Loose 0-10 Oto4O%
Medium Dense 10-30 40 to 70%
Dense 30-50 70to90%
Very Dense Over 50 90 to 100%

* Blows/Foot, 140# Hammer, 30' Drop

FINE GRAINED SOILS (Major Portion Passing No. 200 Sieve)

Includes (1) inorganic and organic silts and clays, (2) sandy, gravelly or silty clays, and (3) clayey silts. Consistency is rated according to shearing
strength, as indicated by penetrometer readings or by unconfined compression tests for soils with P12 10.

Cohesive Shear Strength
________ Tons/Square_Foot

Less Than 0.125
0.125 to 0.25
0.25 to 0.50
0.50 to 1.00
1.00 to 2.00
2.00 and Higher

Note: Slickensided and fissured clay may have lower unconfined compressive strengths than shown above because of planes of weakness or
shrinkage cracks; consistency ratings of such soils are based on hand penetrometer readings.

TERMS CHARACTERIZING SOIL STRUCTURE

pertaining to cohesive soils that exhibit a loose
knit or flakey structure
having inclined planes of weakness that are
slick and glossy in appearance.

slickensides present at intervals of 1' to
2, soil does not easily break along
these plates
slickensides spaced at intervals of ito
2', soil breaks easily along these planes-
continuous and interconnected slicken-
sides spaced at intervals of 4' to -12'
soil breaks along the slickensides into
pieces 3' to 6" in size
slickensides spaced at intervals of less
than 4, continuous in all directions; soil
breaks down along planes into nodules
1/4' to 2" in size.

Descriptive
Term

Very Soft
Soft
Firm
Stiff
Very Stiff
Hard

Rocculated:

Slickensided:

Parting: paper thin in size
Seam: 1/8' to 3" thick
Layer: greater than 3"
Fissured: containing shrinkage cracks, frequently filled with

fine sand or silt, usually more or less vertical
Sensitive: pertaining to cohesive soils that are subject to

appreciable loss of strength when remolded
Interbedded: composed of alternate layers of different soil

types
Laminated: composed of thin layers of varying color and

texture
Calcareous: containing appreciable quantities of calcium

carbonate
Well Graded: having wide range in grain sizes and substantial

amounts of all intermediate particle sizes
°oorly Graded: predominantly of one grain size, or having a

range of sizes with some intermediate size miss-

ing

Degree of Slickensided Development

Slightly Slickensided:

Moderately Slickensided:

Extremely Slickensided:

Intensely Slickensided:



1 BAR 100KPA = 1.02 KG/CM2
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(Shown in Symbol Column)
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(Shown in Symbol Column)
Sand Silt
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Predominant Type Shown Heavy
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GMI-14N

)J
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Predominant Type Shown Heavy

JOB NUMBER : g3—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—14N
CONE NUMBER: F7.5CKEV173

DATE : 08—23—1993



ci,
a)

U-

II-a
UJ0

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER GMI—19N
CONE NUMBER: F7.5CKEV173

DATE : 08—20—1993

GMI-1 9N

0

5

10

15

20

25

30

(Shown in Symbol Column)
Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



0

5

10

15

El)
Q)

U-

2O

25

GMI-20N

SOIL

(Shown in Symbol Columal
Sand Silt

Sandy

Predominant Type Shown Heavy

.4'
_L

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—20N
CONE NUMBER: F7.5CKEV173

DATE : 08—20—1993

30

35
Fill

Clay

Silty Clayey



a,
a)

U-

20

40
JOB NUMBER : 93—3109 OPT NUMBER : GMI—21N

CONE NUMBER: F7.5CKEV173

GMI-21 N

0

5

10

15

25

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35

Predominant Type Shown Heavy

ELEVATION 0.0000
DATE : 08—20—1993



a)
a)

2O

40
JOB NUMBER : 93—3109 CPT NUMBER : GMI—22N
ELEVATION : 0.0000 CONE NUMBER: F7.5CKEV173

DATE : 08—23—1993

GMI-22N

0

5

10

/
L

15

25

30

(Shown in Symbol Column
Sand Silt

35
Sandy

Predominant Type Shown Heavy



GMI-23N

FRICTION, TSF
3.0

TIP RESISTANCE, TSF
150 300

RATIO (%)460

00. 7
02 8

C

/. )
?

.

SW . =

\--

17.( 5 ft.

5

10

15

—a
a,
a,

2O

25

30

35

40

7 , t
ñ2'I

RU

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

Sandy Silty
Predominant Type Shown Heavy

Clay

Clayey

OPT NUMBER : CMI—23N
CONE NUMBER: F7.5CKEV173

JOB NUMBER : 93—3109
ELEVATION : 0.0000

FUGRO GEOSCENCE5, INC

DATE : 08—23—1993



a)
a,

2O

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : CMI—24N
CONE NUMBER: F7.5CKEV173

DATE : 09—1—1993

GMI-24N

0

5

10

15

25

30
SOIL TYPE

(Shown in Symbol Column I

Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



Fill

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : CMI—26N
CONE NUMBER: F7.5CKEV173

DATE : 08—20—1993

GMI-26N

0

I''

5

10

15

a)
1)

U-

20

25

30

35 -

Clay

Sandy Silty
Predominant Type Shown Heavy

Clayey



15

a)
a,

20

(Shown in Symbol Cotumn)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—27N
CONE NUMBER: F7.5CKEV173

DATE : 08—20—1993

GMI-27N

0

5

10

25

30

35
Sandy Silty

Predominant Type Shown Heavy



a)
a)

Lj.

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : CMI—28N
CONE NUMBER: F7.50KEV173

DATE : 08—31—1993

GMI-28N

0

5

10

15

25

30
(Shown in Symbol Column)

Sand Silt

35
Sandy Silty

Predominant Type Shown l4eavy



10

15

25

GM I-29N

SOIL TYPE

(Shown in Symbol Column)
SutSand

Sandy Silty
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—29N
CONE NUMBER: F7.5CKEV173

DATE : 08—23—1993

0

5

a)
a)

20

30

35 -

Clay

Fill Clayey





.4-,
a)
a)
U-

20

(Shown in Symbol Column(
Sand SIt

Sandy

Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109 CPT NUMBER : GMI—31N
ELEVATiON : 0.00 CONE NUMBER: F7.5CKEV173

DATE : 09—03—1993

GMI-31 N

0

5

10

15

25

30

35



U)
a)

LL

2O

25

GMI-32N

1921j

SOIL TYE

(Shown in Symbol Column)
Sand Silt

Sandy Silty
Predominant Type Shown Heavy

JOB NUMBER : 93—3109
ELEVATION : 0.00

FUGRO GEOSCIENCES,INC

CPT NUMBER : GMI—32N DATE : 09—1—1993
CONE NUMBER: F7.5CKEV173

FRICTION, TSF
30

O

5

TIP RESISTANCE, TSF RATIO
150 300 0 2 - 6

7
8

10

15

lip

H[ ._EEI__
TD=1.4t.

WL=1).5 ..

30 —

35 - —

40

I 7 1

Fill

Clay

Clayey



a)
a)

U-

:20

40
JOB NUMBER : 93—3109
ELEVATION 0.0000

CPT NUMBER : CMI—33N
CONE NUMBER: F7.5CKEV173

DATE 09—03—1993

GMI-33N

0

I ?i

5

10

15

25

30

(Shown in Symbol Column)
Sand Silt

35

I3II 1.StA

Fill

Clay

UB
Sandy Silty

Predominant Type Shown Heavy

Clayey



ci,
U-

I
I—
a-
UJa

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—34N
CONE NUMBER: F7.5CKEV173

DATE : 08—20—1993

GMI-34N

0

172i

5

10

15

20

25

30 SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



GMI-35N

# v- e;.,-1

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—35N
CONE NUMBER: F7.5CKEV173

DATE 08—20—1993

0

5

10

15

cD
a,Li

2O

25

30

35

(Shown in Symbol Column)
Sand Silt

Sandy Silty
Predominant Type Shown Heavy



a,
a,

2O

25

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—36N
CONE NUMBER: F7.5CKEV173

DATE : 08—31—1993

GMI-36N

0

L

5

10

15

30

35

SOIL 1YPE

(Shown in Symbo' Column)
Sand Silt

Sandy Silty
PredominantType Shown Heavy



0

5

10

15

a)
a)Li

20

25

GMI-37N

- _•'9'.L (,ø(..

30
(Shown in Symbo' Column)

Sand SiltI1
Sandy Silty

Predominant Type Shown I-ieavy

JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—37N
CONE NUMBER: F7.5CKEV173

DATE : 09—05—1993



0

10

15

25

30

GM-38N

(Shown in Symbol Column(
Sand Silt

Sandy
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—38N
CONE NUMBER: F7.5CKEV173

DATE : 09—03—1993

172224

5

20

35



,..

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

FUGRU GEOSCIENCES. INC

OPT NUMBER : GMI—39N
CONE NUMBER: F7.5CKEV173

DATE : 09—03—1993

GMI-39N

0

5

10

15

a)
a)
U-

20

25

30 SOlLT
(Shown in Symbol Column)

Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



4—.
2)

LL

=20

(ShOWn in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—40N
CONE NUMBER: F7.5CKEV173

DATE : 09—03—1993

GMI-40N

0

I
..L

5

10

15

25

30

35
Sandy Silty

Predominant Type Shown Heavy



11)
'.1

20

GMI-41N

(Shown in Symbol Column)
Sand Silt

Fill Sandy Silty Clayey
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELE'IAT0N : 0.0000

CPT NUMBER : CMI—41N
CONE NUMBER: F7.5CKEV173

DATE : 09—03—1993

0

5

10

15

25

30

35



a.)
a)
U-

20

SOIL TYPE

(Shown in Symbol Column(
Sand Silt

Fill Sandy Silty Clayey

Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATiON : 0.0000

OPT NUMBER : GMI—42N
CONE NUMBER: F7.5CKEV173

DATE : 09—03—1993

GMI-42N

0

5

10

15

25

30

35



25

30

35

40

GMI-43N

JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—43N
CONE NUMBER: F7.5CKEV173

DATE : 09—03—1993

0

I..L fj&A,

—I

ci,
U-

2O

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

Sandy Silty
Predominant Type Shown Heavy



ci)
ci,

2O

25

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—44N
CONE NUMBER: F7.5CKEV173

DATE : 09—04—1993

GMI-44N

0

17222

5

10

15

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35 i.
Sandy

Predominant Type Shown Heavy



a)
a)

Li

II-
I-IJC

40
JOB NUMBER : 93—3109
ELEVATION : 0.00

CPT NUMBER GMI—45N
CONE NUMBER: F7.5CKEV173

DATE : 09—03—1993

GMI-45N

0

.1: -V_

.1_

5

10

15

20

25

30
(Shown in Symbol Column)

Sand Silt

35
FIl

Clay

Sandy Silty
Predominant Type Shown Heavy

Clayey



a)
c1

I
I—
a-
LcJ0

OPT NUMBER : GMI—46N
CONE NUMBER: F7.5CKEV173

DATE : 09—04—1993

GMI-46N

0

1';' 2

5

10

15

20

25

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
E LEVATI ON 0.0000



15

ci,
.q)

20

25

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : CMI—47N
CONE NUMBER: F7.5CKEV173

DATE : 08—22—1993

GMI-47N

0

I

5

10

30

35
FlU Sandy Silty Clayey

Predominant Type Shown Heavy



Q)
a,

20

Sandy SiIW

Predominant Type Shown Heavy

40
JOB NUMBER 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—48N
CONE NUMBER: F7.5CKEV173

DATE 08—22—1993

GM I-48N

0

-.1. f#..)#s

5

10

15

25

30
(Shown in Symbol Column)

Sand Silt

35
Fill Clayey



a)
a)

I
I—0
u-i0

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—49N
CONE NUMBER: F7.5CKEV173

DATE : 08—22—1993

GMI-49N

0

5

10

15

20

25

30
(Shown in Symbol Column)

Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



SOIL TYPE

(Shown in Symbol Column)
Sand SIt

JOB NUMBER : 93—3109
ELEVATJON : 0.0000

CPT NUMBER : GMI—51N
CONE NUMBER: F7.5CKEV173

DATE : 09—11—1993

GMI-51N

5

10

15

-4-S

cj

I—1
LU

20

25

30

35
I
Ilt S Ij'

Fill

Clay

Sandy Silty
Predominant Type Shown Heavy

Clayey

40



SOIL TYPE

(Shown in Symbo' Column)
Sand Silt

Fill Sandy Silty Clayey

Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—52N
CONE NUMBER: F7.5CKEV173

DATE : 09—11—1993

GMI-52N

5

10

15

ci,
Li

20

25

30

35 -

Clay



40

GMI-53N

FRICTION, TSF
3.0

JOB NUMBER : 93—3109
ELEVATION : 0.0000

FIjCRO GEOSCIENCES. INC

CPT NUMBER : GMI—53N
CONE NUMBER: F7.5CKEV173

0.0
0

TIP RESISTANCE, TSF
0 150 300

-C

RATIO (7)02468

--
— .

.____
—---——

—

-

SV

TD=14ft.
- = 8.5 ft.

5

10

15

a)
a)

20

25

30

35

SOIL 1
(Shown in Symbol Column)

Sand Silt Clay

Fill Sandy Silty Clayey
Predominant Type Shown Heavy

DATE : 09—11—1993



GMI-54N

I.L

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

FUGRO GEDSE1ENrFS iJjr

CPT NUMBER : GMk-54N
CONE NUMBER: F7.50KEV173

DATE : 09—9—1993

0.0
FRICTION, 1SF

3.0 0
TIP RESISTANCE, TSF

150 300 0
RATIO24----—------...

>
.

(7)68

>

0

5

10 -

15

a)

20

25

30 -

35 -

> .
S/L 11.6f1

I 1

SOIL 1YPE

(Shown in Symbol Column)
Sand Silt

Sandy Silty
Predominant Type Shown 1-teavy

Clay

Cayey



5

10

15

25

35

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : CMI—55N
CONE NUMBER: F7.5CKEV173

DATE : 09—11—1993

GMI-55N

a,
a'

I
I—0U

20

30

Sandy Silty
Predominant Type Shown Heavy



a)
a)
LL

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—56N
CONE NUMBER: F7.5CKEV173

DATE : 09—11—1993

GMI-56N

0

5

10

15

25

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



(Shown in Symbol Column)
Sand Silt

Sandy
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.00

CPT NUMBER : GMI—O1S
CONE NUMBER: F7.5CKEV173

DATE : 08—16—1993

GMI-1S

0

5

-4-,
a)

U-

20

30

35
Silty Clayey



GMI-2S

40
JOB NUMBER : 93—3109
ELEVAT0N : 0.0000

FUG GEt5C1 ENCES. INC

OPT NUMBER : GMI—02S
CONE NUMBER: F7.5CKEV173

DATE : 08—09—1993

0.0
FRICTION, TSF

30 9

TIP RESISTANCE, TSF
150 30_

C—

RATIO (%)02468
0

5

10

15

a)
a)
L..

r20

25

30

35

—-II
-

—-

>,—r
?

- —

-
—

--
x-
— —

—--
S

ED

VL

:12f
1 .33 ft.

I .tS•tI

FlI

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

un
Sandy Silty

Predominant Type Shown Heavy

Clay

Clayey



SOIL TYPE

(Shown in Symbol Column)
Sand Silt

Fill Sandy Silty Clayey
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—03S
CONE NUMBER: F7.5CKEV173

DATE : 08—12—1993

GMI-3S

5

10

15

a,L
I
w

20

25

30

35



GMI-4S

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

FlU Sandy Silty Clayey
Predominant Type Shown -teavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : CMI—O4S
CONE NUMBER: F7.5CKEV173

DATE : 08—12—1993

0

5

10

15

a,
a,

U..

2O

25

30

35



5

(Shown in Symbol Column)
Sand Silt

Sandy Silty
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : CMI—05S
CONE NUMBER: F7.5CKEV173

DATE : 08—12—1993

GMI-5S

0

124 :

10

15

-4-,
a)
a)L
r20

25

30

35



0

5

10

15

25

30
(Shown in Symbol Column)

Sand Silt

Sandy Silty
Predominant Type Shown Heavy

1'7224

40
JOB NUMBER : 93—3109
ELEVATION : O0000

CPT NUMBER : GMI—06S
CONE NUMBER: F7.5CKEV173

DATE : 08—12—1993

GMI-6S

-'-I
a)
ci,

20

35



a)
a)

1L

20

25

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATtON : 0.0000

OPT NUMBER : GM$—07S
CONE NUMBER: F7.5CKEV173

DATE : 08—12—1993

GMI-7s

0

1?24 i'

5

10

15

30

35
Sandy Silty

Predominant Type Shown Heavy



a)
a,I4

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—08S
CONE NUMBER: F7.5CKEV173

DATE : 08—09—1993

GMI-83

0

4L.

5

10

15

25

30

35

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

Sandy Silty
Predominant Type Shown Heavy



a)
a)
U-

T20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—09S
CONE NUMBER: F7.5CKEV173

DATE : 08—12—1993

GMI-9S

0

1?224J

5

10

15

25

30

35
I tTI

Fill

SOIL TYPE

(Shown in Symbol Column)
Sand SIt

Sandy Silty
Predominant Type Shown Heavy

Clay

Clayey



Q)
1)

U-

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : CMI—1OS
CONE NUMBER: F7.5CKEV173

DATE : 08—12—1993

GMI-1OS

0

I '2S? )

5

10

15

25

30

(Shown n Symbol Column)
Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



40

GMI-1 2S

JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—12S
CONE NUMBER: F7.5CKEV173

DATE : 08—09—1993

0

5

10

a)
a)

2O

25

30

35
Fill Sandy Silty Clayey

Predominant Type Shown Heavy



w
U-

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—13S
CONE NUMBER: F7.5CKEV173

DATE 08—16—1993

GMI-13S

0

i '_).L iJ#

5

10

15

25

30

(Shown in Symbol Column)
Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



i..L

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—14S
CONE NUMBER: F7.5CKEV173

DATE : 08—13—1993

GMI-14S

0

5

10

15

a)
a,
IL

20

25

30

35

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

Sandy Silty
Predominant Type Shown Heavy



U)
ci,

U-

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—15S
CONE NUMBER: F7.5CKEV173

DATE : 08—13—1993

GMI-15S

0

172;5

5

10

15

25

30

35

1
I i.çi.l

Fill

SOIL TYPE

(Shown in Symbo' Column)
Sand Silt

Sandy Silty
Predominant Type Shown Heavy

Clay

Clayey



25

30

35 -

(Shown in Symbol Column)

Sandy Silty
Predominant Type Shown Heavy

Clayey

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : CMI—16S
CONE NUMBER: F7.5CKEV173

DATE : 08—13—1993

GMI-16S

0

I''

5

10

15

a)
a)
.1

20

Sand Silt Clay

FiH



15

ci)
ci,

U-

2O

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—17S
CONE NUMBER: F7.5CKEV173

DATE : 08—12—1993

GMI-1 7S

0

IJ_ ib.()4J

5

10

25

30

35
Fill Sandy Silty Clayey

Predominant Type Shown Heavy



a)
U-

I
0
LiJa

40
JOB NUMBER : g3—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—18S
CONE NUMBER: F7.5CKEV173

DATE : 08—10—1993

GMI-18S

0

4 a') /

5

10

15

20

25

30

35

(Shown in Symbol Column)
Sand SiltIB
Sandy Silty

Predominant Type Shown Heavy



a)
a)

II-0
lLja

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : CMI—19S
CONE NUMBER: F7.5CKEV173

DATE : 08—13—1993

GMI-19S

0

i '72 ; 3

5

10

15

20

25

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35
Sandy

Predominant Type Shown Heavy



40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—20S
CONE NUMBER: F7.5CKEV173

DATE : 08—13—1993

GM(-20S

_1..

0
0

5

10

15

.1-'
ci
U,

U-

20

25

30
SOIL TYPE

(Shown in Symbol Column(
SiltSand

35

Clay

Fill Sandy Silty Clayey
Predominant Type Shown Heavy



JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—22S
CONE NUMBER: F7.5CKEV173

DATE : 08—13—1993

GMI-22S

0

5

10

15

U-

20

25

30
SOIL TYPE

(Shown in Symbol Column)
Saud Silt

35 -

Clay

Fill Sandy Silty Clayey

Predominant Type Shown 1-leavy

40



40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : CMI—24S
CONE NUMBER: F7.5CKEV173

DATE : 08—10—1993

GMI-24S

0

I i

5

10

15

a)

E

20

25

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35
Fill Sandy Silty Clayey

Predominant Type Shown Heavy



40

GMI-25S

FRICTION, TSF

3.9

JOB NUMBER : 93—3109
ELEVATION : 0.0000

FUGRfl fEflSCIFNCES. TNr

CPT NUMBER : GMI—25S
CONE NUMBER: F7.5CKEV173

0.0
TIP RESISTANCE, TSF

0 150 300 0 2 6 8
RATIO (7)

5

10

15

a)
a)

20

25

30

35

: [:;I
WL

TD=1�.7
= I IA

t.

SOIL TYPE

(Shown in Symbol Column)
Sand Silt ClayJEI

Fill Sandy Silty Clayey
Predominant Type Shown Heavy ---

DATE : 08—10—1993



15

a,
a)L

20

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—26S
CONE NUMBER: F7.5CKEV173

DATE : 08—10—1993

GMI-26S

0

172L

5

10

25

30

35

Clay

Fill Sandy Silty Clayey
Predominant Type Shown Heavy



40

GMI-27S

JOB NUMBER : 93—3109
ELEVATION : 0.0000

FLJCRO &EOSCIENCE5. INC

OPT NUMBER : CMI—27S
CONE NUMBER: F7.5CKEV173

DATE : 08—17—1993

0

172264

5

10

15

a,
ci,1j

I
0w0

20

25

30

35

SOIL TYPE

(Shown in Symbol Column)
Sand Silt Clay

Fill Sandy Silty
Predominant Type Shown Heavy



10

Q)

20

25

GMI-28S

Clay

Clayey

I
,L

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—28S
CONE NUMBER: F7.5CKEV173

DATE : 08—13—1993

0

5

15

30

35- t!i.1
Fill

(Shown in Symbol Column)
Sand Silt

Sandy Silty
Predominant Type Shown Heavy



GMI-29S

I **

TIP RESISTANCE, TSF
150 300

RATIO (7). 6

)
FRICTION, TSF

0.0 3.0 07 02 8

5

10

15

ci)
(I)

20

25

30

35

40

TD=4ft.
)R

SOIL TYPE
-—

(Shown in Symbol Column
Sand Silt Clay

Fill Sandy Silty Clayey
Predominant Type Shown Heavy

:________
JOB NUMBER : 93—3109
ELEVATION : 0.0000

FUGO GEOSCIENCES. INC

CPT NUMBER : GMI—29S
CONE NUMBER: F7.5CKEV173

DATE : 08—13—1993



GMI-32S

1?2

0.0 3 0 0
TSF TIP RESISTANCE, TSF

150 300
RATIO (%)0 2 4 6 8k

I
)R'

SOIL TYPE

(Shown in Symbol Column)
Sand SitFi

Fill Sandy Silty

Clay

Clayey

- -
Predominant Type Shown Heavy

.__ 1 I--
JOB NUMBER : 93—3109 CPT NUMBER : GMI—32S DATE : 08—10—1993
ELEVATION : 00O00 CONE NUMBER: F7.5CKEV173

FUC1iO GEO5CIENCES. INC

rD 7 .ft.

0

5

10

15

LL

20

25

30

35

40



a)
a)

2O

(Shown in Symbol Column)
Sand Sit Clay

Sandy Silty
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—33S
CONE NUMBER: F7.5CKEV173

DATE : 08—10—1993

GMI-33S

0

5

10

15

25

30

35 -
Fill Clayey



15

ci,
ci,

U-

2O

25

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—34S
CONE NUMBER: F7.5CKEV173

DATE : 08—17—1993

GMI-34S

0

I ;:—

5

10

30

35

Clay

Fill Sandy
Predominant

Silty

iype Shown Heavy

Clayey



15

a,

L

20

GMI-35S

i' :,
RATIO (%)468

40

FUGRU

JOB NUMBER : 93—3109
ELEVATION : 0.0000

r.FrtsrTvIrc TMf

OPT NUMBER : GMI—35S
CONE NUMBER: F7.5CKEV173

DATE : 08—16—1993

FRICTION, TSF
00.0 3.0

TIP RESISTANCE, TSF
150 300

0

5

10

02

ID 4 t.

DW

25

30

35

I

All

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

Sandy Silty

Predominant Type Shown Heavy

Clay

Clayey



15

a)
a,

U-

=20

25

40

7 . 1

I lis/I

Fill

JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—36S
CONE NUMBER: F7.5CKEV173

DATE : 08—16—1993

GMI-36S

0

172

5

10

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35

Clay

Sandy
Predominant Type Shown Heavy

Silty Clayey



a,

20

25

SOIL TYPE

(Shown in Symbol Column(

Sandy Silty
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
E LEVATI ON 00000

CPT NUMBER : GMI—37S
CONE NUMBER: F7.5CKEV173

DATE : 08—16—1993

GMI-37S

0

c

5

10

15

30

Sand Silt

h s I35 -

Clay

Fill Clayey



a)
a)

LL

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—38S
CONE NUMBER: F7.5CKEV173

DATE : 08—16—1993

GMI-38S

0

17 2%J

5

10

15

25

30
(Shown in Symbol Column)

Sand Silt

35
Fill Sandy Silty Clayey

Predominant Type Shown Heavy



15

a)
a)l4

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : CMI—40S
CONE NUMBER: F7.5CKEV173

DATE : 08—11—1993

GMI-40S

0

, I.'••'_

5

10

25

30
(Shown in Symbo' Column)

SiltSand

35

Clay

Fill Sandy Silty Clayey

Predorrnant Type Shown Heavy



SOIL TYPE

(Shown in Symbol Column)
Sand Silt

HE
Sandy Silty

Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—42S
CONE NUMBER: F7.5CKEV173

DATE : 08—17—1993

GMI-42S

0

-.1 e .A-# .

5

10

15

a)
a)

I
I—0
LUC

20

25

30

I

35-
Fill

Clay

Clayey



a)
El)

U-

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—44S
CONE NUMBER: F7.5CKEV173

DATE : 08—16—1993

GMI-44S

0

5

10

15

25

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35
Sandy Silty

Predominant lype Shown Heavy



GMI-45S

1:72%'? i

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

FUGBO G€OSCIENCES. INC

OPT NUMBER : GMI—45S
CONE NUMBER: F7.5CKEV173

-FRICTION, TSF TIP RESISTANCE, TSF
3.0 0 150 300 0 2 4 6 8RATIO (7)

TD =1
DR

5ft

0.0
0

5

10

15

a)
a)
J-.

20

25

- -
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

Fill Sandy Silty

Clay

Clayey

_
Predominant Type Shown Heavy

30

35

DATE : 08—16—1993



SOIL TYPE

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

FUCiO GEDSCIENCE5. INC

CPT NUMBER : CMI—46S
CONE NUMBER: F7.5CKEV173

DATE : 08—16—1993

GMI-46S

TSF TIP RESISTANCE, TSF RATIO

0 150 300 0 2 4 6 8

TD
I
=3
RY

ft.

0.0O
5

10

15

a)
a)

LL

T20

25

30

35

Clay

AU Sandy Silty Clayey
Predominant Type Shown Heav



GMI-50S

.e '—- '' .1

FRICTION, TSF TIP RESISTANCE, TSF
0.0 3.0 0 150 300 0 2

RATIO (7)468
:rft.

0

5

10

15

20

25

30

35

40

DR'

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

Fill Sandy Silty
Predominant Type Shown Heavy

Clay

Clayey

JOB NUMBER : 93—3109
ELEVATION : 0.0000

FUGO GEOSCIENCE5. INC

CPT NUMBER : GMI—50S
CONE NUMBER: F7.5CKEV173

DATE 08—11—1993



a)
a)

2O

40
JOB NUMBER 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—51S
CONE NUMBER: F7.5CKEV173

DATE : 08—11—1993

GMI-51 S

0

I

5

10

15

25

30

(Shown in Symbol Column)
Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



a)
a,

I
0wa

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : CMI—53S
CONE NUMBER: F7.5CKEV173

DATE : 08—17—1993

GMI-53S

0

j_

5

10

15

20

25

30

(Shown in Symbol Column)
Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



Q)

LL

I
I—
U-
Lu
C

40
JOB NUMBER : 93—3109
E LEVAT ON 0.0000

CPT NUMBER : GMI—54S
CONE NUMBER: F7.5CKEV173

DATE : 08—17—1993

GMI-54S

0

r'.I

5

10

15

20

25

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35 HEE
Sandy Silty

Predominant Type Shown Heavy



a)
a)
Li

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.00

OPT NUMBER : GMI—55S
CONE NUMBER: F7.5CKEV173

DATE : 08—17—1993

GMI-55S

0

I

5

10

15

25

.30

35

(Shown n Symbol Column)
Sand Silt

Fill Sandy Silty Clayey
Predominant Type Shown Heavy



-S
a)

U-

=
C-
LUa

_L (-(

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : CMI—56S
CONE NUMBER: F7.5CKEV173

DATE : 08—17—1993

GMI-56S

0
0

5

10

15

20

25

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



SOIL TYPE

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—57S
CONE NUMBER: F7.5CKEV173

DATE : 08—19—1993

GMJ-57S

0

II, 3

5

10

15

a)
-U-

20

25

30

35

Clay

Fill Sandy Silty
Predominant Type Shown Heavy

Cayey



GMI-58S

(Shown in Symbo' Column)
Sand Silt

Sandy
Predominant Type Shown Heavy

.1_ I ' (J (.D

40
JOB NUMBER : 93—3109
ELEVAT0N : 0.0000

OPT NUMBER : GMI—58S
CONE NUMBER: F7.5CKEV173

DATE : 08—19—1993

0

5

10

15

ci)

Lj

2O

25

30

35
Silty Clayey



40

GM-59s

JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—59S
CONE NUMBER: F7.5CKEV173

DATE : 08—19—1993

0

5

10

15

-'-S
a,

I
0
Ld
C

20

25

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35
Sandy Silty

Predom,naxit Type Shown Keavy



SOIL TYPE

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION 0.0000

OPT NUMBER : GMI—60S
CONE NUMBER: F7.5CKEV173

DATE : 08—11—1993

GMI-60S

0

' ''T)
.1_ -

5

10

15

-4-,

a,IL
20

25

30

35
Fill Sandy Silty Clayey

PredomEnant Type Shown Heavy



0

5

a,
(I)

Li..

=
0
LUa

10

15

GMI-61S

A '
.1..

20

25

30

35

ELEVATION

40
JOB NUMBER : 93—3109 CPT NUMBER : CMI—61S

0.0000 CONE NUMBER: F7.5CKEV173

DATE : 08—111993



0

5

10

15

a)
a)

U-

2O

25

GMI-62S

(Shown in Symbol Column)
Sand Silt

Fill Sandy Silty Clayey

Predominant Type Shown Heavy

JOB NUMBER 93—3109
ELEVATION : 0.0000

J_,

30

35

40
CPT NUMBER : CMI—62S
CONE NUMBER: F7.5CKEV173

DATE : 08—11—1993



0

10

15

25

30
(Shown in Symbol Column)

Sand Silt

Sandy Silty
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—63S
CONE NUMBER: F7.50KEV173

DATE 08—10—1993

GMI-63s

1722:31

5

—I

U)
LL

2o

35



15

U)IL

20

25

40
JOB NUMBER : 93—3109 OPT NUMBER : GMI—66S
ELEVATION : 0.0000 CONE NUMBER: F7.5CKEV173

DATE : 08—19—1993

GM I-66S

0

—-' —'
,L

5

10

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

35 -

Clay

Fill Sandy Silty Clayey
Predominant Type Shown Heavy



a)
a)

I—0
uJa

40
JOB NUMBER : 93—3109 OPT NUMBER : GMi—70S
E LEVATI ON

GMI-70S

0

5

10

15

20

25

30
SOIL TYPE

(Shown ri Symbot Column)

35 UB
Predominant Type Shown Heavy

0.0000 CONE NUMBER: F7.5CKEV173
DATE : 08—12—1993



.4-,
a,
ci,

20

(Shown in Symbol Column)
Sand Silt Clay

FlU Sandy Silty Clayey
Predominant Type Shown l-leavy

40
JOB NUMBER : 93—3109
ELEVATION 0.0000

CPT NUMBER : GMI—71S
CONE NUMBER: F7.5CKEV173

DATE : 08—11—1993

GMI-71S

0

5

10

15

25

30

35



-a
ci
'p1

2O

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : CMI—72S
CONE NUMBER: F7.5CKEV173

DATE : 08—12—1993

GMI-72S

0

i_ ?<.,J;)

5

10

15

25

30
SOIL TYPE

(Shown in Symbol Column(
Sand Silt Clay

Fill Sandy Silty Clayey
Predominant Type Shown Heavy



a,
a,
U-

II-
a-
LU0

40
JOB NUMBER : F7.50KEV17.LPT NUMBER : GMI—73S
ELEVATION : 0.0000 CONE NUMBER: F7.5CKEV173

DATE : 08—17—1993

GMI-73S

0

5

10

15

20

25

30
(Shown in Symbol Column)

Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



15

a)
ci)

20

25

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : CMI—74S
CONE NUMBER: F7.5CKEV173

DATE : 08—17—1993

GMI-74S

0

1?22 '

5

10

30

35

Clay

Fill Sandy Silty Clayey
Predominant Type Shown Heavy



0)
a,

I—0
LU0

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : CMI—75S
CONE NUMBER: F7.5CKEV173

DATE : 08—18—1993

GMI-75S

0

IL

5

10

15

20

25

30

35 -
I '31
I

Fill

Clay

Sandy Silty
Predominant Type Shown Heavy

Clayey



(Shown in Symbol Column)
SiltSand

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER GMI—76S
CONE NUMBER: F7.5CKEV173

DATE : 08—18—1993

GMI-76S

0

172fl

5

10

15

a)
ci,
U-

20

25

30

Clay

Fill Sandy Silty Clayey
Predominant Type Shown Heavy



40
JOB NUMBER : 93—2109
ELEVATION : 0.0000

CPT NUMBER : GMI—77S
CONE NUMBER: F7.5CKEV173

DATE : 08—18—1993

GMI-77S

0

4 •Ya

5

10

15

a)

2O

25

30
SOIL TYPE

(Shown in Symbo' Column)
Sand Silt C'ay

35 -
Fill SiltySandy

Predominant Type Shown Heavy

Clayey



w
'p
U-

2O

25

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—78S
CONE NUMBER: F7.5CKEV173

DATE : 08—18—1993

GMI-78S

0

1..

5

10

15

30
(Shown in Symbol Column)

Sand Silt

35
"''I
I 15.1,1

Fill

Clay

Sandy
Predominant Type Shown Heavy

Silty Clayey



(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.00

CPT NUMBER : GMI—82S
CONE NUMBER: F7.5CKEV173

DATE : 09—10—1993

GMI-82S

0

..I /:;. L

5

10

15

a,
a,

20

25

30

ih s I
35

Clay

Fill ClayeySandy
Predominant Type Shown Reavy

Silty



a)
ci,L

20

(Shown in Symbol Column)
Sand Silt Clay

Fill Sandy Silty Clayey
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : CMI—83S
CONE NUMBER: F7.5CKEV173

DATE : 08—18—1993

GMI-83S

0

5

10

15

25

30

35



a)
a)

IJ-

.2O

25

GMI-84S

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : CM—84S
CONE NUMBER: F7.5CKEV173

DATE : 08—18—1993

0

5

10

15

30

35
Fill Sandy Silty Clayey

Predominant Type Shown Heavy



a)

L
=
11
uJ0

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—85S
CONE NUMBER: F7.5CKEV173

DATE : 08—18—1993

GMI-85S

0

.L (i

5

10

15

20

25

30
(Shown in Symbo' Column)

Sand Silt

I,,
35

ClayIB
Fill ClayeySandy Silty

Predominant Type Shown Heavy



SOIL TYPE

(Shown in Symbol Column)
Sand Sdt

Silty

i.
Sandy

Pfedominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—86S
CONE NUMBER: F7.5CKEV173

DATE : 08—18—1993

GMI-86S

0

I i r

5

10

15

a)

20

25

30

35 -
I ' SII lSl

Fill

Clay

Clayey



L
=20

GMI-88S

FRICT0N, TSF
0.0 3.0

JOB NUMBER : 93—3109
ELEVATION : 0.0000

FUGRO GEUSCIENCES. INC

TP RESISTANCE. TSF
150 9 2

OPT NUMBER : GMI—88S
CONE NUMBER: F7.5CKEV173

RATIO (%)4680r0

5

10

15

, .

SW.=
T)=7ft

.33ft.

SOL TYPE

(Shown in Symbol Column)
Sand Silt Clay

Fill Sandy Silty Ctayey

Predominant Type Shown Heavy

:________

25

30

35

40
DATE : 08—18—1993



SOIL TYPE

(Shown in Symbol Column)
Sand Silt Clay

Fill Sandy Silty Clayey
Predominant Type Shown Heavy

GMI-94S

0

5

10

15

U)
Q)II-

20

25

30

35 -

40
JOB NUMBER : 93—3109 CPT NUMBER : GMI—94S
ELEVATION : 0.0000 CONE NUMBER: F7.5CKEV173

DATE : 08—19—1993



-I
a)L.

2O

25

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—95S
CONE NUMBER: F7.5CKEV173

DATE : 08—19—1993

GMI-95S

0

I' '(

5

10

15

30
SOIL TYPE

(Shown in Symbol Column)
SiltSand

35
Fill

Clay

Sandy
Predominant Type Shown Heavy

I1E
Silty Clayey



a)
U)
U-

20

25

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—04W
CONE NUMBER: F7.5CKEV173

DATE : 09—09—1993

GMI-4W

0

5

10

15

30
SOIL TYPE

(Shown n SVmboI Cotumn
Sand Si't

I,,
35

Clay

1B
Sandy Silty

Predominant Type Shown Heavy
Clayey



a)
a)

20
0
0

GMI-5W

f

0.0
0

TSF TIP RESISTANCE, TSF RATIO (%)
0 150 300 0 2 4 6 8

5

10

15

—-—-
----::•:

••::

)

.
(
\

L
25

30

35

40

'D:
)R'
18.3ft.

SOIL TYPE

(Shown in Symbol Column)
Sand Silt Clay

Fill Sandy Silty Clayey
Predominant Type Shown Heavy

JOB NUMBER : 93—3109 OPT NUMBER : GMI—05W DATE : 09—04—1993
ELEVATION : 0.0000 CONE NUMBER: F7.5CKEV173

FUGRfl GEr ffNrFs TNr



0
0

5

10

15

a,
a,

.2O

25

30

GMI-6W

(Shown in Symbol Column)

Sandy
Predominant Type Shown Heavy

L

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—06W
CONE NUMBER: F7.5CKEV173

DATE : 09—09—1993

Sand Silt

l t I35- I±!I
Fill

Clay

ffE
Silty Clayey



SOIL TYPE

(Shown in Symbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—07W
CONE NUMBER: F7.50KEV173

DATE : 09—09—1993

GMI-7W

0

i?2;iL

5

10

15

a)
a,

20

25

30

35

I '

FiH Sandy Silty
Predominant Type Shown Heavy

Clay

Clayey



15

a)
a)

U-

20

SOIL TYPE

(Shown in SyTnbol Column)
Sand Silt

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—08W
CONE NUMBER: F7.5CKEV173

DATE : 09—05—1993

GMI-8W

0

5

10

25

30

'31I tçt,l

Fill
35

Clay

Sandy Silty
Predominant Type Shown Heavy

Clayey



—S
a)

U-

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—09W
CONE NUMBER: F7.5CKEV173

DATE : 09—05—1993

GMI-9W

0

12ZL

5

10

15

25

30

35

(Shown in Symbol Column)
Sand Silt

Full Sandy Silty Clayey
Predominant Type Shown Heavy



SOIL TYPE

(Shown in Symbol Column)
Sand Silt

Sandy
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—1OW
CONE NUMBER: F7.5CKEV173

DATE : 09—05—1993

GMI-1OW

0

S

10

15

0)
a)Li

20
I-

25

30

35
I 2.çt.1

Full

Clay

Silty Clayey



0

5

10

15

4)
ci,

U-

20

25

•I il

Fill

GMI-1 1W

I'' JC

40
JOB NUMBER : 93—3109 OPT NUMBER : GMI—11W
ELEVATION : 0.0000 CONE NUMBER: F7.5CKEV173

DATE : 09—05—1993

30
(Shown in Symbol Column)

Sand Silt

35

Clay

Sandy
Predominant iype Shown Heavy

Silty Clayey



0

5

10

15

-4-I
a)
a)Li

20

25

GMI-12W

1? :ii .

Sandy
Predominant Type Shown Heavy

Silty Clayey

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—12W
CONE NUMBER: F7.5CKEV173

DATE : 09—09—1993

30 -

(Shown in Symbol Column)
Sand Silt

I 51

35
Full

Clay



-J
a,

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—13W
CONE NUMBER: F7.5CKEV173

DATE : 09—09—1993

GMI-13W

0

I '?Z i 3

5

10

15

25

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

17I lç.t,l

Fill

35 -

Clay

Sandy
Predominant Type Shown Heavy

Silty Clayey



0

5

10

15

.4-i
a)
a)
U-

2O

25

GMI-14W

IL.

40
JOB NUMBER : 93—3109
ELEVATIOr : 0.0000

OPT NUMBER : GMI—14w
CONE NUMBER: F7.5CKEV173

DATE : 09—09—1993

30
SOIL TYPE

(Shown in Symbol Column)
Sand SIlt

35 IB
Sandy Silty

Predominant Type Shown Heavy



a)

20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : GMI—15W
CONE NUMBER: F7.5CKEV173

DATE : 09—09—1993

GMI-1 5W

0

I '— '- -i

5

10

15

25

30
SOIL TYPE

(Shown in Symbol Column)
Sand Silt

iUB35
Sandy

Predominant Type Shown Heavy



0

5

10

15

1)
Q)

=20

25

GMI-16W

Clay

Clayey

..L.

40
JOB NUMBER : 93—3109
ELEVATION 0.0000

CPT NUMBER : GMI—16W
CONE NUMBER: F7.5CKEV173

DATE : 09—04—1993

30

I

It$S'35- .±1
FlU

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

Sandy Silty
Predominant Type Shown Heavy



GMI-17W

(7)

TD

;
1
DR'

:
.5f.

-
SOIL TYPE

(Shown in Symbol Column)
Sand Silt Clay

FHI Sandy Silty Clayey
Predominant Type Shown Heavy

..............—.............l

0.0
FRICTION, TSF TIP RESISTANCE, TSF

3.0 0 150 300 02 RATIO
4

c_> ___
0

5

10

15

ci)
a)

20

25

30

35

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

FU&RO &ECSCIENCE5. INC

OPT NUMBER : GMI—17W
CONE NUMBER: F7.5CKEV173

DATE : 09—04—1993



a)
a,IL

2O

40
JOB NUMBER : 93—3109
ELEVATON : 0.0000

CPT NUMBER : GMI—18W
CONE NUMBER: F7.5CKEV173

DATE : 09—09—1993

GMI-18W

0

5

10

15

25

30

35

(Shown in Symbol Column)
Sand Silt

Fill Sandy Silty Clayey
Predominant Type Shown -leavy



—a
a)
a,
Li.

=20

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

CPT NUMBER : GMI—19W
CONE NUMBER: F7.5CKEV173

DATE : 09—05—1993

GMI-19w

0

17232

5

10

15

25

30

35

SOIL 1TYf

(Shown in Symbol Column)
Sand Silt

Sandy Silty
Predominant Type Shown Heavy



Ci)
ci)

2O

25

(Shown in Symbol Column)
Sand Silt Clay

Fill Sandy Silty Clayey
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109 CPT NUMBER : CMI—20W
ELEVATION : 0.0000 CONE NUMBER: F7.5CKEV173

DATE : 09—09—1993

GM 1-20W

0

5

10

15

30

35



.1_

40

GMI-21W

FRICTION, TSF

JOB NUMBER : 93—3109
ELEVATION : 0.0000

FUGRO GEDSCIENCE5. INC

CPT NUMBER : GMI—21W
CONE NUMBER: F7.5CKEV173

0.0 3.0 0
TIP RESISTANCE, TSF

150 300
RATIO (7)0246 8

0

5

10

15

a)
a,

20

25

30

35

---—:: —-:: . ,

TD 1

DR

ft.

soluiF
(Shown in Symbol Column)

Sand SUt Clay

Full Sandy Silty Ctayey

Predominant Type Shown Heavy

.___
DATE : 09—10—1993

I



0

5

10

15

a)
V

2O

25

30

GMI-23W

(Shown in Symbol Column)

Sandy Silty
Predominant Type Shown Heavy

c -,

40
JOB NUMBER : 93—3109
ELEVATION 0.0000

OPT NUMBER GMI—23W
CONE NUMBER: F7.5CKEV173

DATE : 09—10—1993

35



USGS-i

,, )'-;_L I

0.0 30
TSF TIP RESiSTANCE, TSF RATIO (%)

0 150 300 0 2 4 6 8

ID ift

0

5

10

15

a,
a,

2O

25

30

35

40

SOIL TYPE

(Shown in Symbol Column)
Sand Silt

Fill Sandy Silty

Clay

Clayey
Predominant Type Shown Heavy

JOB NUMBER : 93—3109
ELEVATION : 0.0000

FUCRO GEOSC!ENCES. INC

CPT NUMBER : USC—Si
CONE NUMBER: F7.5CKEV173

DATE : 09—10—1993



USGS-2

1?23

a)
a)

LL

20

25

3.0 0

JOB NUMBER 93—3109
ELEVATION 0.0000

TIP RESISTANCE, TSF
150 3000.0

FRICTION, TSF RATIO (7)

)
0246 8

0

5

10

15

/ /
j

TD.7f
DR

SOIl.. T'IPE

(Shown in Symbol Colmn)
Sand Silt Clay

Sandy Silty Clayey
Predominant Type Shown Heavy

30

35

40

FUGO GEOSCIENCES. INC

CPT NUMBER : USG—S2
CONE NUMBER: F7.5CKEVI73

DATE : 09—10—1993



172331

40
JOB NUMBER : 93—3109
ELEVATION : 0.00

CPT NUMBER : USG—S3
CONE NUMBER: F7.5CKEV173

DATE : 09—10—1993

USGS-3

0

5

10

15

-4I
a)
a,

LL

I
F-0
0

20

25

30

(Shown in Symbol Column)
Sand Silt

35
Sandy Silty

Predominant Type Shown Heavy



—a
a)
a)

U-

=20

Sandy Silty
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109 CPT NUMBER : USG—S4
ELEVATION : 0.00 CONE NUMBER: F7.5CKEV173

DATE : 09—10—1993

USGS-4

0

L (

5

10

15

25

.30

(Shown in Symbol Column)
Sand Silt

35
Fill



40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : USC—S5
CONE NUMBER: F7.5CKEV173

DATE : 09—10—1993

USGS-5

0

1'?233.

5

10

15

1)
cj

20

25

30

35

SOIL TYPE

(Shown in Symbol Column)
Sand Silt Clay

Fill Sandy Silty Clayey

Predominant Type Shown Heavy



0

15

a)

20

25

(Shown in Symbol Column)
Sand Silt

Sandy
Predominant Type Shown Heavy

40
JOB NUMBER : 93—3109
ELEVATION : 0.0000

OPT NUMBER : USC—S6
CONE NUMBER: F7.5CKEV173

DATE : 09—10—1993

USGS-6

4 .,.i

5

10

30

35
Silty Clayey



F
 
LO

f'T
1-

t 

—
--

 

I/,
 



-i —
J 

—
4 

u2
 

A
L ff i-1
 

- - ,O
L z 

-j-
 

-4
i - 4 —
 i br
 

4-
t 

r z 64
 i c 

- l a 

U
i 

—
 - .-
 - I -s

 

P
D

 
ct

-*
 

,r
 'y

:5
 

r 
fi 

r2
 '- 
r 

if;
 

iA
 

-*
- 

r 
I G
c 

£ .-
J 

I 

1 —
4 

—
 

—
 

cJ
,-

__
 

—
 

J—
E

�-
—

-h
q2

L 
I)

Z
31

 
i- 

. 
L 

z-
 L

g 
;v

•1
: 

\ 
N

 z
'..

 ,
-.

 

L 
—

-2
__

__
__

 
—

 

—
 

--
--

--
--

--
- 

$j
43

 
—

 —
 -�

 12
 r2

J 
tt 

Li
 5

 L3
Z

 5
2 

) 'I 
3-

 
•1

 
. 

!-
s k 
i 

i 

-I
 

4 r 
I 

:—
 ?

/ 

r 'a
 - 

, 
L(

 J
 

\ J 

-•
--

 



__
_,

- 

F
 I V
 

F
 

'- 
c 

—
--

 
-e

 >
v 

r 
ci

 c
 --

 
L_

d_
_—

--
- 

—
iz

--
'.—

—
--

 
- 

2/
 — -

 
—

—
--

- 
—

- 
(L

,c
4_

 

- 4_
 

—
 

Jd
—

 

C
 —

 



//-
3 

/ 

2L
 

cF
U

4A
 A

 
kc

o)
7 ,

ed
 

--
 

- LL
5 s:

, 

--
 

'/i
 L 
/ 

-O
L'

;d
 

--
7;

 
__

G
 L

 / 
—

 

2t
±

c2
 ii2

 2/
 / 

- 

(t
 - 

i- 
#—

ç 
k 

1 
't 

'I -r
, 

S
j- 

L'
i.'

-jc
. 

—
-—

—
 

!1
7T

T
LC

 
-.

 
c?

 

.lø
 

lt4
/c

 
2 

i)/
/e

I 
oL

 F 
/a

 
'- 

eQ
e-

t 

-I
, 

•.
7,

 
1,

4 / 
/ r

z 

/ 
C

 

E
3 
tO

 
I 

o 
C

'i)
2 

--
--

--
 

1i
c 

-li
_'

i2
C

 L7
 

Ji
'e

' 
t1

)J
 54

S 
- 

c-
-y

z 
L'

 ' 
C

-_
--

--
 

; 
lo

4 
—

 5
 i 

4L
1_

 —
 

—
—

—
--

i--
—

—
—

—
—

—
 

JL
JQ

-_
 

n 
Li

r 
—

-j-
-—

—
--

 
LT

2 
L 

--
 vL

Lt
�4

 z
 

/ L4
i- 

—
—

-)
-—

—
—

—
—

--
 

th
 
tii

_ —
 —

 

£—
 

IS
 �i 

&
_—

 
\L

 4
L 

—
 

J 
. I_

i 

—
 

1 
4k

 E
cL

 

I 
,_

,-
_.

-)
.—

_c
7I

 ,—
)e

i 
C

) L 
1'

 

,-
, 

- 
C

 

-.
J 

j_
t iL

1 
C

 - 
•_

_)
 

j1
 

-C
 

2 
c 

,-
?t

-' 
i7

) 
,/f

ri 
c;

 );
v7

f 
1T

h 
iy

-v
:e

4L
 
rr

L 



- 

-1
 

2'
1,

 c
y3

 
__

__
__

 : 
k'

}i 
gi

 
L1

t-
 

/9
 1 

- 
O

' J
c 

!L
JI

b_
_ 

.L
:I_

t3
c 

2l
iJ

4J
 / 

rb
 

tv
 m

J 
-6

E
 —

__
 

/I-
 )-—

-L
°'

 
_L

L1
 

)g
 L

 T
 /

3i
 &

&
LA

i 1
1 

6,
 

1c
I{

) 
;,p

77
;; 

2 
.L

 
N

. 
F 
L4

- 
*i

r '
—

 

/3
2 

A
LC

 A
A

) 
6 
ft 

( 
f1

V
Li

13
i, 

cA
) 

5I
 2

i1
- 

F
 fl

 r v-v
4 
s 

/ 
o 
r 
I 

c?
€.

-E
 

I 
J±

ft i4
 

—
--

 
13

i 1T
: 

1-
4 
C

i - C
A

-C
 

/X
 

'- 
( 

pn
?g

T
 

i6
iff

 4&
S

 
L 

2y
—

 
)g

E
L 

1L
 

&
hL

- 
)t

11
D

P
 i C

4 
iti

-'m
d 
€Z

 D
 

f3
iL

 
C

o 
1 

3i
±

 
j7

30
 

C
 

i3
 cm

 
cA

 'iv
 

4L
4 
rt

S
i 

I;E
iI 

LC
 

—
—

--
—

--
—

--
 

L 

O
 i94

? it&
 

sL
 2t 

—
- 

E
C

 
S

 
T

JL
Q

 
3L

 ?
T

±
_ 

iJ
 V

 
.1

 
JL

 L
ti 
fi 

L#
 

LV
LL

L i —
 —

--
 - 

J_
si

'€
IL

-_
 

2J
 

)3
i 

C
 

14
riL

z 

I 
lii

: J
E

iM
II 

A
cJ

• 



f4
Li

 
IY

1f
-I

 

jtt
11

f 
()

 

3O
 tf

l-
F-

 
, ,

 -,
 - 

" / 1
Y

}V
 (

/1
1$

k/
M

 

- 
6?

/,-
J 

7:
_:

 
/7

 . 
- 

"5
71

9-
tY

s 
(o

R
jii

*)
 - 

__
__

_ 
) 

SL
 

__
__

__
 i4

 
__

__
__

 :(
-4

O
F

8L
c 

--
 __

Ji
 '-o

I_
'Io

F
B

L 
) 

// 
li3

p 
- I

±
_s

 
S

 iE
 N

 (b
 —

 
--

 

34
 L

ie
 

:_
 

/T
liv

t&
v 

fo
 

F
rc

 7
iw

 
I J

O
t 

/M
 i—

 
m

*2
X

A
 

i—
__

 —
2t

's
 

1_
__

_ 
It 

19
 

M
 

I 
0 

F
 

cL
 

cA
4 

- 3
0 

O
N

 ( 
iC

1T
 

po
rn

 *
t2

4&
 

- 
- 

F
 ft

L
J b

 'c
o 

($
-p

4 
'D

 
--

 jL
j 

)p
( 

F 
tF

 F
t 

IO
/ 'h

La
f 

oF
i 

--
 

zi
'c

6'
 /

1 

IIJ
_I

I 
l 

$ 
A

 

—
 

fl
 

iL
 

C
 ô

 
A

 

—
—

 J
 L
-—

 
bc

aL
a 
£ L

L
4 

: !ii
II 

—
 

—
 

L1
 E

_c
 

. 2
 47

) 
. 

7I
 

.J
I 

'I_
 

i c
 

J 

—
-i'

 
-c

[ 

:4
 

__
_ 

I 

'-i
 

rv
 -

c-
c 

L 
-9

 
E

rL
 



aM
x1

1o
- 
3 

1 
• 3

 
g:

1i
j 

w
.c

i_
 tI

 
—

—
-j-

j*
--

--
—

--
--

 
4 

t?
1 

—
s,

-—
--

—
--

--
--

 
$ 

J 
-i 

- —
 —

 

- L
ta

 
a 

LI
L 

.J
 

-n
 L

L 
J 

IN
 &

i 

X
 

�J
 17

9 
2i

 

f L 
T

 I E
 £

 - 
L—

 - 
J 

.Z
L 
Lt

5 
—

 

a±
1i

1_
 

J3
'Q

 ' fI
 

•-
--

-,
 

—
 J

E
 

—
 •—

 -o
--

--
- 

Ji
—

 r" 
0 �1

 

1/
o/

 /b
Z

, 

I' 



LC
?-

r 
_c

 
77

t 
Jo

 
-=

--
 

—
#-

.-
—

--
--

—
__

 
—

 
—

- 
—

 

_J
 

Lc
 

'J
7\

 
,'-

1-
' 

: 
--

--
 

L 
e-

 tS
I 

C
&

-c
)V

-$
r 
4 

j 
k'

 O
w

cz
( 

£:
 

zf
fi 

Lr
_L

 -r
' £

- 
p 

z 
p 

yj
 

iJ
.—

 
T

 

cf
l 

/ p 

/ 

1 

r 
-t

C
A

i- 
T

7\
 

N
i 

a—
- n

) /)
 

- 
iL

. i 
rii

 

5 
2T

 7 

j )-
-.

 

/ie
lI 

/1
 1

Lb
 

Ii
 - 

I 

- '2%
 

&
. 
� 

j 
12

 

LL
I 

- 
r1

 

—
 

—
 —

 
—

 
s 

Li
 

3P
 J

 ?
i 

c 
r 

_ 
—

—
--

—
 

—
--

- 
—

 —
 

- 

—
 —

 

—
 

—
 

L 

—
 

—
 

—
 

Z
 

I 

/ 
7 

'1
 /

 
))

' I)
 

c-
 i 

- '
—

 __
,_

_J
 -

-—
-.

- 
.—

'—
. 

7-
, 



•-
-j.

if3
zr

i n
r-

c 

'1
 0

 
)4

t4
-v

\ 
IL

) 

I 



a.
 •

LA
.'J

' t 
- 

IC
 

) 
1 

/ 
j)t

.e
 A
 

hi
 tL

.t:
' -

 1F
'L

 
(b

rj 
C

 

rv
ç 

iti
17

1k
S

 
C

?T
Lt

 
f3

- 
i-;

 :e
_ 

7-
 
(4

 
_ 

1'
1?

3 
3L

4(
(J

 
- 

11
 
W

I'1
i/L

- 

O
LL

* 
q 

)4
 

IA
 

—
 

IIN
1 

) 

C
 &

 /T
7 

'J
L.

. 
4/

 

!2
oo

 

—
 

—
 

1)
i 

—
--

--
--

)-
 

__
L_

 
L 

as
 &

iiz
 

.-
—

--
 

i—
—

 

—
 —

 —
 

.-
- 
- ,

- -
 - :

 i 
2f

 
L 
/_

 
I' Lh

L_
—

--
 

JU
 

af
 

cj
 _

E
 z

eo
J 

'L
ii 

b 
--

 
_L

2L
L

.—
 

._
2a

_ 

I. 

)g
l 

;i;
 

C
pu

j 
rz

) 
c 
;-

. 1
2c

.h
k4

 
: 

z 
A

 '?
 d

4-
k 

-—
__

__
 

A
- t 

/ 
, '

7)
 /T

 \-
 

/w
Q

 r
'9

n-
- 

D
iiZ

C
. 

w
J_

1 
m

ci
—

 
ij'

i-r
iv

i V
73

7V
 

71
4 

2&
L

L
 

r ) Q
 i; 

—
 )

 4 
V

' 
/tw

 1 
j2

 
42

o 
11

 12
_4

i -' 
rT

) 
07

 '-
 L r 

) )
- ,

3 
) 

9L
\. 

3$
 

J3
±

51
1 

6i
-u

 L 
C

 c
T

 
/jT

&
51

9 
r 

D
'P

 ff
l P

 
A

-r
c 



JJ
4_

 
B

 L
 —

—
--

 
4_

E
? 

—
—

 
—

—
 

L
n 

—
4-

—
—

—
--

. 

• 

- 
—

I 
'ii

 - 
- E

LL
 t_

 
C

JQ
E

L 
L

I t
IiL

 , 
—

--
 tD

 
E

oJ
 

—
 

—
 

- i 
4 

U
4'

—
--

 
—

 
1-

 

f 
' 'L

I 



1u
 

&
T

T
L 

LL
Q

 9/
' 

37
. 

IIL
I tT

 I 
I , thi 

/J
It - 

'Z
Y

 
--

_-
4 
I<

 c 
' L

I7
 L 

P
P

' t
--

' 

O
4.

. 
C

 e
r 

6 
)1

 

c tP
T

J1
7 

'O
tc

 jo
,.c

 .-r
 

v 
'c

4 
ct

 A
-L

' 

c&
 
s 

LZ
 w

t.i
 LA

 J
LA

 

T
h 

-,
__

__
_ 

- 
"3

 '$
5v

C
 

c_
 

- 

-_
__

__
_ 

- 
ss

 
P

- 
r\

A
Y

 
71

P
IY

' 

• 
£0

 
(')

i 5
jz

, 

M
T

-5
 

H
 

L 
rr

rr
2$

 
t 

I 
3 

- 
—

 

ii3
6 

k 
8&

t 

'i 
.4

I /
 (i

 

-?
 

LI
 

.. 

irP
 / 

11
7 

t't
2.

' g 

- —
 

—
 —

 -—
- 

—
±

 
L 

—
 

J 
LL

5Z
L 

1L
L:

 a
r-

 
—

 
--

-1
z 

Q
3 

L 
4 

4 
-I

 )-
 L

 E
 

—
 

-' 
7 
- 

-—
-.

- 
LJ

LL
 

1-
 

- —
 

- 
J:

L 
t 

- 
J 

c!
 

t Le
 

7i
L

 d
 L

i 
q—

 

L_
 —
--

.,1
-f

--
- 

4—
--

--
 

i 
i'E

E
2 

ft 

'P
P

 

41
 

/ I2
:H

 
1)

 
(J

 



H
 

i: 
'.5i 

A
9) L'G

 '• 
() ; -/t L 

—
'--.'- 



- 
-.

 —
 

IL
 

(4
j;/

 
.—

—
 I./
J 

c'
n,

i 
(I

1l
S

 i 4o
 

1f
r:

, 
i 

/ 

jw
 --

 

jq
.b

 
__

__
__

 

-r
3y

''i
 yi

iJ
i" 

1 
, 

-_
_-

-.
 

i-
V

- 
-;

o 
s 
1g

9I
( 

—
 
fl4

—
 

-,
 -

 

ii.
2-

 
L i

( 

-*
 p 

I i
 

•1
 If -L

V
 

1_
flI

11
_ 
j_

 
7-

:Ø
;°

 Q
 2

 
O

 L 
E

 

7/
 

, 

f2
 4 ey

 

L
if

t 

1 p 

—
 —

 
—

 - —
4 

—
 —

 —
 —

 —
 

-—
 

L --
- 1L 

—
—

—
--

—
 

1_
__

__
__

__
__

__
 —

 
—

 

—
 

—
 

—
 

aL
__

 — 
ic

 c
 L

 
i i

t 
C

.. 

£ 
!fi

. 
L 
iL

 ' 
- L

 
fi 

L 
c 
, 

--
 

—
 

LL
1L

C
_ 

—
 —

 
5-

/-
 

!-
- 

—
 

&
ffi

 L
(i 

—
—

 

III
 

LL
iII

III
 

ii±
 i s

rjv
 

/L
3I

 L
±

 
- 
i7

3_
 ii

i: 
I 
7i

L:
 

--
 IJ

±
LL

L 
jV

O
_J

 
1 

4 
(L

11
 

5 

Lf
iC

 
Is

 '' <
 

Li
L A
 i&

3L
I 

C
o 

3/
 

c-
 - L

JI
 c_

 / 
2i

 
) LkI_

41
J 

iL
st

 
. 

(I
 



il 
1i

1m
J 

JI
Y

(7
\ 

I, 

51
 

—
—

--
—

—
—

—
 

J_
__

 
t 

--
 

ii nI
 —
—

 
—

—
—

—
—

—
 

z�
_ 

—
—

 —
—

 

_I
R

) 
4_

_ 
'o

'\_
__

_ 
—

 k
cL

t j 
—

:-
-—

 
—

 
—

 —
 

—
 —

 
—

 
W

 C
 

—
 

—
--

 
- 

/! 
d1

_—
—

—
 

c:
7l

Iw
a 

'3
 

k4
H

 



'U
t, 

T
T

 
np

tc
 T

,jc
o 

O
IL

) 
E

i, 
P

 

-' J 
L4

_—
 

_s
__

 

-a
 ! 

a_
—

 
' — —

 - 

—
 i_

 
S

!i 

—
—

- 
- j—

--
 

4 

—
 —

 
J fl

-9
3-

--
--

--
--

- 
)i

-i
 - 

t_
__

 — 
Lc

?1
 Jk

7 
4D

 
—

 
—

--
 N

cL
 

i! 
- 

1 
A

(J
 

eo
36

L
. 



p-
r6

 

/(
u'

? 

JA
 

—
 

4 
- g

 
LC

 ' - c
e 
- —

 —
 

&
k_

—
—

--
—

--
 

3_
__

-_
--

 
!! 

fL
4 

dL
i 

4 
O

4-
 

:T
t 
iA

—
 ——

 
-1

 
--

- 
1-

 
—

—
 

J:
E

 '-4
 — 

1J
 — 

T
hJ

 
—

 
'_

•)
 i 

. 
—

 
' 

&
__

_-
--

—
--

 —
--

 
—

 
cL

-3
L 

j4
1 
- -

 1 --
- , !ZJL 2Z t_

__
_ 

-' 
eô

—
--

. 
—

 
7L

i 



Jw
k-

 

L 
>

(&
- 

T
 

P
#4

 
. -S

L-
 .L

. 

V
 

jM
3 

i-i
la

'1
3 

fw
 tA-.

-d
 

-1
 j, tL

 

11
hs

1'
 

JJ
.L

/ L
 

i c
 

7 

S
 

I 
p 

/y
J 

1(
 

(I
O

Q
i 

,L
 

--
 
r 

k2
t 

- J
A

 - 
1L

ç 
. M

I. 

'- 

G
4 
/3

 d,
 

V
 

d&
J ( 

W
&

 

. 
L

 T
) 
-t

- 7
 c

c 
co

 
-í

 

<
 

-i 
Q

ir)
 —

%
 iq

 
th

4t
J.

 2
a-

 .i 
-I

- 'L
 

—
 

—
 —

 .-
 —

 

Lz
 

—
 -

- 
—

 
- 

-.
- 

—
 —

 

2L
P

 °I
3i

 
--

- 
_]

L 
i'3

/3
 L

 
I_

p_
 

llM
rZ

D
L_

 I!
 

: -—
 —

—
 

—
1-

--
--

--
--

- 
i L

p3
4 

: A
 

4m
 --

 
LE

 
iS

 5
- 

I 
' 

Iv
 

i_
 ——

J-
—

__
_ 

--
--

- —
 L f 

T
Ir

—
 

j3
O

 t c d 
21

 
kJ

 
"P

 --
 

4L
d 

- 
LJ

 
I'I

 - e -3
1 

-t
 

r-
M

 
Lr

 k 

i—
 L 

c.
 

L
k 

L4
LL

 - -t
e t.d

L
__

_ 
. L 

. 

ki
 

4 1.
--

 1L
 

I 

d 
eL

 I 
c€

 
2 

- 

--
-n

 

R
H

 ri 
-7

3 
.S

 1
51

53
1 

M
- I

55
 



'f4
 

i€
 

4t
b,

2 
C

b'
4 

: 
rv

 
cQ

t1
 

C
-f

l 

, -Y
9-

/ 
-'c

2i
;e

-"
 

) 
( 

j 9t
c,

 
cL

 
Jz

- 

' Li
i 

k-
-e

 
-2

&
1 

4.
 

-T
h'

V
 I)

1I
IS

 

7 
/h

i II
 

ca
,h

e 
L 

c 
Lk

Jc
 

tA
d 

C
O

 =
 c

&
- 

J*
 ,__

__
_ 

6.
 

/7
3 

t-
- 

A
- 
' 

p 

L.
 

O
g-

 
t4

) 
'-J

 —
-5

 
-k

 
7 

t)
 
73

L)
 —

--
- 

/ 
it 

-v
\ 

J-
'7

is
 'f

 t 1
 ' 577

 
c , -

/ :'-
-' 

- 
a 
, 

6o
 

j4
-t

J;
 (7

i 

—
 

—
 - —

 
--

 - J
-.

-.
 
- —

 - -
 - -

—
 - -

 - 
;iI

_ 
--

--
- 

—
 

C
L

L
 

E
J 

'1
 

A
 i 22
 - —
 I —
 

11
? 

ci
i 

qi
iL

 
J 1

b 
Jt

h 
—

—
--

 
&

g 
r:

sL
 

&
 e

 
c_

 
z --

 
—

 

E
•2

_ 
L4

 

T
7 

--
- 

—
—

—
—

1 
—

—
 

IL
 

17
) 

J.
ñ2

i4
 l

cL
Q

4e
-,

.. 



Z
( 

Q
L shi! 

ai 217 
)1Z

12N
 5)?I 

'qçj,- M
 -. 



__
'K

io
Sl

 
__

__
_ 

rz
I4

C
l 

3v
) 

—
 

%
S

 ?
s 

(.
1 

A
G

i. 
__

__
 

rr
€/

, 
rj,

N
G

 
lS

os
c3

t 
)S

.z
o 

J?
iti

'J
 

(/
 c

 c
i i*

 ' 
J3

oz
 

g-
93

 

13
3O

 
6 

T
 

• 
j -

k 
P

IC
 O

 "p
 

IU
J4

 ?
N

 a 
• 

.1
. 

(p
w

yF
In

-4
ur

 

F
io

z 
4.

 
• 

,5
á 

G
- 

t-
i 

( 
q—

rJ
rL

1 

7c
j 

I 
. L

 41-1
e.

4C
 

&
Q

Q
Io

 

fL
 F

V
 

3o
 

6L
o 

S
Q

 - 
4J

 t41
U

W
G

 
g1

$2
 

L 
t$

rk
 

• 
—

 /7
30

 
1 

c2
 —

c4
 

k'
 L

A
 r-

L 
r'T

 J 
T

 
I 
V

4 
—

 

iU
s 

- 
2 

R
i r'

s 
- 

S 
L_

 
JC

(L
7 

- 

k 
c 

LM
J)

- 
&

rt
 L

zp
 

,'*
Z

..—
r-

? 
E

 
'O

 
71

 

-v
71

f -
'U

 
I1

 
i/ 

L 

C
 

.—
 

-1
 

I•
 

1L
 

P
*-

j$
Iu

' 
--

- 
1i

k:
 r4 

:T
T

T
=

T
 

/•
//2

 
('L

1L
43

L 
sz

,-
 

l! 
I 

—
 

L_
t t

c'
)Y

",
V

 
(j2

v'
f 

LI
u 

J'
 6

, L
i -

 C
) 
N

 -. 
1I

t! 
A

 

E
2 

• 
__

__
__

__
__

__
__

__
__

__
__

__
__

 

t 



' 
r 

I. 

•t
') 
A

f °
 c 

. 
11

ec
 ci

 
:j 

. • 
5)

 

(r
 

F 
T

L 
t6

/ 
- 
- 

- -
 

- 

__
I 

I'i
 L(

 '-
 

__
__

__
__

 _
__

__
__

__
 

J 
ti 

LL
k 

.)
 

__
__

__
_ 

2.
iL

 
l-i

ic
g,

t y
4è

•i 

--
--

--
-±

, 
/iv

fIi
iiJ

 ,&?
{ 

L
4T

L
 

cç
 

•:
__

_ 
J 

__
__

__
_ 

I(
ji,

 T
 

__
__

__
L 

ku
 
;i4

- 
(L

I4
F

 ;r
nr

k,
 i 
')4

2 
I Il

 _
__

__
__

 
__

__
__

_ 
__

__
__

__
 

I 
__

_ 
__

__
__

_ 

__
__

 V
 72) iL

 'r
 It t(

'1
1'

 t.
E

'ie
w

kJ
t. 

__
__

__
/ I

)L
' 

h)
s2

 L
I' 

iL
 'ir

-(
2 

7R
K

 ic
 
44

, 
—

—
--

--
 

L3
J 

_i
L4

_L
L_

ic
 L

L•
.-

 H
 

\iP
}-

'- 
J"

 
[ 

7t
r.

 
J—

 

LL
 

L_
 

i- 
&

" 
__

__
__

__
 

C
 

/II
. 

j3
T

e:
1 

__
 
:_

--
-' 

2i
i2

 L.
 5

rf
)L

r 
__

 
1 

ilL
 

qi
 

I_
_2

 

H
 

gs
c)

L.
 

•)
 

/ O
4I

 t1
N

.J
 I_
_ 

• 
L

1 
—

 

—
—

 
S

eL
 -_

—
—

 

L_
_—

--
—

 
£2

L-
 

—
—

 
—

9 
jiT

-—
_ —

 

L 
—

 

IV
fL

 £
2 

'—
 

—
 —

 

—
 

4_
—

—
 

—
 

—
 

--
=

--
—

 
4-

—
—

—
—

—
 

I;1
III

I 
9?

77
_ 

—
—

 
6_

i a—
—

—
 

/ 



4t
h1

1 

p 

1 
. •-

L-
 

-—
 - - 

J-
- - - -
 

J 

7i
 

73
!)

 

U
/ 
( 

gg
2.

) 
3c

 
T

he
 Q

L 
F

t 
T

E
 

.-
-_

__
__

 
75

 L
 w1v

S
 

7u
çg

 q
e'

t o
' w

r 
.s

i 
of

 5
'ç

 
I i

C
 

1 

0 
'7

 
I-

 
Sc

r s
p 

cJ
 n

ii 
()

2 
ki

 
-ij

 
T

 
- 

/'t
, L

5 
V

 Z
6 

L 
F

2O
a 

IE
 c5 /

 
l?

w
y 

'-4
S

 

/S
 1

 
w

/ 

ct
6 

m
ilk

 
cn

, 

9j
D

_L
—

bi
w

 

, 
--

 p
(�

 - 
- 

rr
 A 

4b
&

cc
fft

riN
fh

 
92

. 
A

t, 

It
 

JO
 

- 
cØ

1'
 

f 1
cm

 
C

 

&
iik

 
—

 1c
 

fl
'2

)Q
3 

F-
'1

 
- 

iL
O

A
ae

' 
C

b 

J L - 

J2
i)

 o 
-r

 

flc
p 

C
f' 

-I
ks

T
h 

- 
ji £

 
o'

, c-
i-(

. 
, 

Z
 ,2

I A
 

1k
t 

R
 -I
 5 2J

 
?L

) 
jL

 %
.d

 ' 
1b

 

'9
k.

 
A

 
C

 
r.

fi 

'tp
ui

 
1o

 
b€

-c
o 
L

P 
•v

fl
iO

 
IL

 4
j' 

-:
 

C
 —

 —
 —

. 
—

 —
 a

 —
 - -

 — —
 —

 
p 

,-
i7

 
nt

4/
 

- U
L-

 
!d

, 
D

y 
—

 R
 

—
 —

 
--

 

j 
Li

iiL
 

1 
—

- 
- 

ip
' z 

T
 T

 
--

—
--

--
w

 
--

-c
 

—
—

 
4_

 
L/

_ 
n 

7 
:r

i.r
 

—
--

- 
—

 

ii;
 

--
 

—
 

—
—

 =
E

!:i
 F

 A
ll'

 

C
pu

 

I 
ID

 
-.

9T
h 

, 
If,

 6 
/2

01
)i 

-d
 



O
 

C
' 

) &
A

 rY
 

(Z
4Y

J•
 S

 "3
ffo

 J
5'

O
. 

)U
&

1O
 

R
J3

 2
M

3 
P

i '
2*

? 

, 

Jj
ss

vi
'2

4 
. 

4 
G

 (2.
- 
0 

4 
(x

r 
i-

o z 
o-

u 
R

' 
L ' fr

t-
i-

 - 

T
,4

-i 
1 
t-

 
IL

J4
J 

'T
7 

iL
-1

- 
, 

P
 

'J
 '-

 ) 
hJ

 I 
L1

-p
 
iB

i 
? 

/ -
>

 ' 

,,i
vç

 . S
 z

1f
7 

M
c 

ir 
j 

/Z
5r

 
A

D
i kf

 
ji f

r3
f 

-f
l 

; 
p7

i -
 J7

 
7f

(A
 

' 

) 
T

 F
4 

4t
h.

44
 
1-

 
rv

 

i 
T

 _
1 

ii r
w

 
m

 i8
j7

2 
T

.-
E

-o
 

v 
—

-M
 

co
 ( i

. 
C

U
 &

9 
9 $

/)
 A

 5
" ' 

fij
 2Jt

V
A

i i
LL

 
1 

,9
W

 

-W
A

' L t�t
' • 

'1
X

 21
1i

' 4
 

-_
__

 

1'
 

E
LM

'T
IiI

III
I 

Li
 

ti 
£ 

R
 

!?
ly

l - 
3;

5L
 

:i_
_ 

U
LP

L 
__

__
T

h 
L 

—
 

2 
4-

?-
- 

- &
L 

r 
Y

 
iii

L 
-—

--
--

--
--

--
- 

- 
LJ

 
i(k

i/ 
o3

o 
f iz
 4 

7'
-',

 I ,1
7 

17
7 

4I
Z

Ô
I 



_,
LL

 1
') 

Lt
 5

/_
_ 

-_
- j$

 
3-

-b
? 

_5
' 

( - 

3\
 

__
__

 

7 
! 

T
) 
j-i

 O
 

.o
__

__
__

__
 

7 
F

LJ
iL

O
 

F\
 t

3M
L4

.ih
 

c i
ti 

e 
tc

 
t1

i i
L(

 
S

T
E

 

b 

tb
 
r Iz
 m

 
êl

\J
 

JJ
15

. ', 
ji 

- 

oi
 

é2
 

t Jk
E

 
) : 

t 
__

_ 
7 

35
 /R

-z
)p

J(
 -r

' 
2o

 f
r-

7 
j &

i'O
 fr
/ 

1%
I-

C
- 

T
h 

in
i 1 e)

 

- 
- 

iC
hi

 P1
 

S 
b 

--
--

--
--

--
--

 

--
--

--
, 

--
—

--
--

--
--

 

V
J 

4t
 

Y
' L 

77
 

C
i 

Q
±

 

C
vv

iY
 

J3
__

 

kL
 LI

dA
 $'

JD
L 

yE
c 

L—
 

A
k 

p;
gj

 &
z'

?i
 

It 
t' 

-s
p 



,1
54

c 
2V

k 
f2

P
t 

L 
- 

jq
 R

j_
_i

r 
A

- 
,L

d(
P

Y
 

1:
Q

 'T
E

k 
- -

iiI
k_

 

S
f/V

L 
JJ

T
D

_-
 

- 

J2
±

L T
 k-

Lt
 6

'w
 

c 
42

)M
t r

o-
 
i- 

i_
__

__
 

ftt
4 

- 
3o

 

1c
 W

rr
i p ii—

3 
/ th

 - 
5c

ttØ
 

i L
-4

1t
 

(k
 

- 
1 

E
 

r_
 13N

 
O

 #
Ji

A
- 
.2

 iI
L 
j 

-i?
 1

o 
N

m
 T

h-
 

J:
1X

E
 

r5
14

2.
L 

. 
c 

F
x 

T
T

-c
 

R
sJ

c 
C

1ô
y 

cA
,ft

-?
 t€

'-r
 C

i. 
4t

1i
f 

tv
z:

,,-
ftJ

E
:. 

) 
'/0

W
 

, I 
J 

F
p,

-/
O

a 
of

 S
c 

C
 

fln
P

 
, C/.. 

- 
- 

r3
 

tE
7E

. 
. 

_,
S

25
 4

r 
IL

 
- 

—
 

—
--

--
-—

 1
JV

 J)
 C

 
n-

r I
 L 

L 

r 
—

 
I 

I 

1-
4 
t 

T
h 

L?
 
IY

L1
 

4i
 

Li
fr

tv
 

—
 

t i 
)-

r L
 -. 

--
--

J4
4i

L 
—

 
f_

D
.g

_ 
—

 

LT
h 

-_
 

U
 

1 
LL

 

LI
 

1 —
 

Z
 inL

 z 
yj

 
a 

—
L 

i1
v 
jc

k —
 

L 
2I

J 
Lt

.1
l 

g7
1I

6 
—

 i L
 
4 

—
 

/ 

bH
 

__
__

__
__

_ 



(6
,' 

-r
ic

1¼
1 

(p
 1

c,
L-

C
. 

,q
- 

La
.. 

'-'
 

I ¼
 j 4

 

.1
1 

.)
5 

I_
:, 

Lc
f!1

&
ki

Ji
 

1'
 

1_
__

__
 

,,-
 

a 

V
cc

 m
 yL

 
&

L.
 1

o 
,O

 
4'

ti 
A

./)
IV

'4
C

C
' 

V
 , 4d

L4
 

Lj
 

A
1-

A
L_

__
_ 

Lt
&

 
1c

c€
iZ

 
i2

4 
- 
1 

tJ
. 

E
c 
- 

10
 

E
 

. 

Y
G

-9
. 

u/
m

iJ
w

.4
 

.-
pf

or
 

A
)F

tR
F

 
jF

F
 / 

O
 A

J 
O

4-
t 

11
 

A
 f 

iR
. 

s,
-r

E
 

rn
c 

,s
 C

w
 ( ,

P
) 

. __
_ 

ro
 - 

t'A
 -c

V
 
q 
f ô

ii,
u 

c 
nn

Z
 

C
/V

 i i,-
ky

i If 1
 

F
 

-r
 m

+
 

F*
4 

Jy
L4

 

:r
- -

t-
 

6n
c&

 
-1

 E 
rn

v 
F

i 

i'p
 

Lg
L(

 
5 

oi
'� 

1'
tL

I4
t/6

. 
i jii

( . 
d 

LT
H

 
T

} 
B

 
1 

fli
 

((
 

—
 

)L
- 

,P
. 
w

 m
is

 
-&

.&
 si

'n
 cr

1 

1f
rr

\r
I r 

1i
r)

 j4
-7

 
/ 

)'i
-y

rZ
"1

 
F

 
iH

1 
f)

. c-
\ 

o'
4 
ri 

4L
1 s 
fi

 T
( g 

1r
W

1 
H

 
f3

o 
U

 
L

( 
Z

3 
- 

LL
I 

,d
iE

L 
J4

 - 
- 

U
 
C

4 
L 

—
 —

 
1 

cd
 ff

 
- 

3 
—

 
l 

—
 

--
4 

L 
—

 

—
 - 

- -
 

2 
—

 
I 

Q
t L

 
a 

L
i 

—
-i E

[L
 

-c
Z

 
4i

\i 
—

 
�Q

o 
f4

 
—

—
--

--
 

5L
'iL

 
J 

—
--

--
II 

4S
2 

I 

I 1
 

L4
F

 
J:

7(
L.

 J
F

 
/3

- 
/7

4w
 



£ 



- 
O

 
I 

fA
/ Y

 
/ 

i 
70

0 
C

i 
;-

-,
ç 

L 
'-i

 
S

 
C

 

d 
__

__
__

__
__

__
__

__
 

7-
 

—
-—

—
 

—
 

Ji
 

S
P

i L$
LL

S
k 

' P
- T

h 
—

 

41
L

 t'r
i 

57
7&

ai
 

W
i7

 Q
, 

L3
00

 I 
p 

4'
r7

C
r 

I/c
 

S
T

17
 E

i C
 

Li
 
Jb

i 
1L

 ri
3v

 
Lj

 i 
e 

L'
 )4

� iQS
. 

2-
t5

 
: c

3 
F

 
2-

 IL
t 

L
1t

 
t 1 

(W
( 
E

&
1 

C
 - 
i'a

-&
m

 
IV

t\ 

tf'
- 

C
A

43
 t{

LL
 

j1
 W

 f(1
V

D
t 

L
Jç

 

:;:
:i:

: cL 
—

 
tL

 ' 2 
2 

L 
S

 . 
d I2

 
. ,

 
—

 —
 

g 
L2

 
4 

—
 

LT
i3

LV
 

—
- 

—
 

i 
—

 
—

 
4-

 L
 

:_
_.

 

—
—

 -- 
- 

--
 

__
__

T
t 

—
 

4J
 ) 

: tr
 ff

 
u 

I L
_ 

•J
T

h 

LL
k 

g 
k&

yf
rl

 
&

ii 
k-

 ) 
L 

Lc
c 

g)
- jx

L
 

U
O

 t_
__

 
F

o1
±

 3 v
 



It
 

H
 

C
f)

)n
1 

5 
-9

-Q
 s

' r
 L

'i:
9.

 
A

 
ire

Jd
 

O
 

C
 

C
' 

- 

4I
LL

 
Jr

- 
Y

kt
h:

 .e
 

)M
 

Li
44

r.
 

( 
h1

tt 
L'

4 C
1 

/-
T

 
L 

&
 L

1�
A

dg
 

iiL
 f 

'h
L

 hs
r 

d2
A

4L
 

'Q
('1

c 

f2
 

C
/ '-

/ , 
' flô

' 
w

ft,
m

tl 
n 

p 
'ii

v-
r.

 
ci

 ''-"
 4 

5 
F

V
 

7 
r 

1D
/1

 
m

c 

Li
)r

1 
ii c-

 f v
 t, 

- 

z4
 __

__
 

A
i'-

ki
 /i

 
JJ

 

h1
4V

C
 

JA
 

/';
 

IA
 2

4 
t&

 (L
 &

?T
h 

4)
 

- 

:u
t::

 
-t

L 
,ic

D
 

-L
-L

 
Q

'j 
IL

C
4 

—
'—

 
IiL

;. 
Lo

LL
 i L)

E
_ 9 

-c
 

A
 

4 
I 

_i
1_

 J!
J_

_ 
4a

L —
--

- —
 —

 

4t
i 

i;_
4 

lL
J - 

iJ
b __

i 
Z

1L
 

—
--

 

1-
f 

',-
 ac

tt 
1-

' T
IJ

 
i—

L 
r1

./-
 

V
, /

hA
 9 

11
2 

/T
 

L 
V

1 

--
 --

U
- 1

Y
1 

fL
7t

 C
 QC

-I
 n 
I '-u
i ff

 
4 i_

v_
 !&

 rp
y 

- 

4L
'( 

(.
t 

S
Ji

j&
 5' 

,ll
c m

v 



-'&
 

u'
—

 
1i

/S
 r

J 
-i

f 
'-/

'r 
fl

' . 
Q

t 
- 

F
1 td
 

ov
 LJ

 9
04

 ku
 it

 
i ,'7

 -_
__

__
 

ii 
1&

iD
 

M
yc

J 
-—

__
 

! 
n 

2-
oF

7c
1c

s 
4-

vi
 

O
 -c

 ' 
7/

0 
. I ' bt

,-
Li

 
i 

—
 

—
 

k'
 4 J 

L
L

Ss
C

p 
- J

- 
'-t

pp
 

L
1-

 

—
 - 

7 
)_

__
 c 

A
) -

--
 

/p
 10

. . Lr
c-

r 

4 -—
__

 i 
co

 
( -

 ' 
'l.

1u
. 

--
-_

_ 
- 

—
 JL

J It :L
;;I

 
d 

W
JF

- 

L2
 

I r
vL

i 
—

—
c-

-—
—

—
—

 
tc

'- 
—

 

—
 —

 
ii2

 
6 

2l
 

i tI 
- 

L5
 

- 
t .-

 ,s
 

—
 —

 
M

 ' 
-—

&
--

-—
 

—
—

 —
 

—
 

—
 

—
 

ui
&

i 
—

 
—

 -Y
- _n 
&

i±
 i 

ru
 

li 
1i

--
-*

--
--

--
--

__
 

—
, 

—
 





1-
 

Ji
 

__
 Iv

 
ft

 
th

 
—

—
 

H
- 

4v
b 

/7
'&

 k
4f

 5
 L4

'4
 S

iii
 

Iir
...

irh
rJ

 ia
..P

 
( 

S
 

T
" —

 ;-
 - 

--
 —

_+
35

 
-_

( ?
S

b 
-_

 L-
y 

J3
)Q

i' c 
(r

 - 
J 

H
it 

-.
 

1/
, 

W
 /

5/
 

t%
r 

0 
L 

4 
F

&
 L

) 
t1

: 

. 
A

Z
-S

 
T

h 
2-

t. 
LS

_-
C

A
 t'

1i
 '-

' 6
'r 

(:
i c

, 
J 

1?
 E

/ c
xi

rF
2 

i 
F

4 
a-

4 
L 

q-
s 

c_
 

4I
4.

-(
 . 
kó

- 4
0)

,J
 

/J
JS

' 

is
 I 

c4
L 

>
1.

 
fr

bS
-o

v 
4i

cF
2,

 
ii 

k.
,.I

tc
 

'1
-0

 
J-

1 
I-

7 
T

 ii 
IL

. 
5 

v 
fr

i 
C

-R
i.J

 

cm
i 

Jm
2 

V
(.

cT
 

r 
pj

 
/id

(s
 

- 
A

s 
Ly

 - 
'-t

 
rP

 g 
I-

tc
 L

c 
jv

 
ic

 fl
t 

5P
1r

 
1T

 

J 
-'-

r'-
 

c 
hi

 

C
 r 

f*
w

O
(k

 oJ
 

. 
1V

4 
jr 

—
iV

 

__
_c

 

p 
s.

1L
 ) 

B
LA

 
4d

 
L_

J 
__

_ 

Lt
E

41
 

c.
-o

 L
P

 
Z

J 
pc

( 
T

D
 

k)
kJ

,0
 



'j-
)i 

/)
2 
i (A?r1

C
 
&

( 
4 

I 

ij3
 __

__
 

I. 

LA
 

11
 

) 
7 

- 
- 

q 

3s
q.

 
'2

) 
. 

,L
h)

 

1)
' 

71
o 

7Q
 ly

M
if 

Jh
 k

 
J'

e5
; 

5L
A

Lc
. 

) r
T

-.
 

3E
3I

3C
, 

5L
JD

L 

R
co

l 
-(

 
73

 
r 

P
vc

 
pi

fa
i iv

ii-
 

T
A

L:
k 

o-
o 

T
h.

A
7'

 
d 

P
L 

/L
 

1 
z 

C
$ 

ro
 <

3 
/IA

-,
t 

fr
- 

Lc
iL

 T7
'n

J'
 /1

T
 G

€ 
L/

 
(A

/ ti 
tC

T
E

i( 
E

 tir
 

hJ
t 

F
z 
-' 

T
h-

i 
s 

J1
A

 :T
i 

77
-#

 4
__

_ 
,1

 1
'/ 

c1
1 
- o

 1A
S

 
tc

 
6 

,,i
:i:

 - 
4A

J 
v 

bc
 —

eC
 /

A
 

. W
17

L.
-I

'l 
P

1 
A

4 
LV

? 
-ç

 
I7

' 
ib

 
/e

 
/v

r 
6;

 - -
 

tr
 i 

o 

O
, 

cq
ç —

j 

j tC
t&

 m
 

1r
 ik
if 

vJ
jQ

_-
 t-

 (i 
/3

 

.j4
i4

J 

e.
 

—
 32

 

op
&

.4
 k 

.Q
'O

' I. tL
 

A
st

%
.J

 
4 

IC
tto

 
b 

R
tO

 
7F

t4
c4

b1
1 

cj
fF

A
 3

zr
 h-

 

. 
ck

 
3L

 

E
3;

 [1
Z

IL
 

—
 -I

 
—

 
L_

 
-ii

--
- 

J—
--

 
J5

'jJ
f. --------

- 
JC

L L&
-A

6-
--

--
--

--
--

- 
3/

. 
I 



t 1i
 

R
 

- 
_I

1 
%

:%
 

, 
(L

..L
 fP

 .P
'i 

-:
'f 

i-'
/ J 

4i
it 

:-
iP

J.
 

,D
2 
JL

5J
 - 'i 

iiT
- W

/b
3'

17
ic

lU
 - 

. c_
I_

 

O
f7

t 
t-

r1
W

 
I1

oi
1I

6I
3P

,i 
ej

-j 
I 

/ 
11

 

it!
Q

it1
 

I 

- - 
4p

2A
 7 

V
 k

t4
A

/fl
 

( 
/ 5,

 4
i 

/ 
I: 

2 

L.
_ 

L 
[o

 1
t 

17
 

—
- -

—
 .—

 
,-

;-
; 

) 
f7

4 
(Q

2f
-Z

a 
•3

 
5•

 
t1

.-
--

I 
// 

i 
'I 

/ 
;•

4I
 E

4'
 

15
°.

 
r3

c 
'/t

LE
 

ii5
 

_2
 /

 
(L

( 
H

 
r4

 / 
j5

i 
rL

 
V

I 

—
 

—
 

—
 

—
 -

-•
•—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
'1

 

I 
_I

_ IT
 

- 

-—
 

• 
1i

2i
T

 -j
g 

- 
--

 

- 
o-

- 
—

 

- - 
- 
- 

--
 
- 

J c
 L

J1
1J

 vt
jL

 ic 
LL

LS
 

fr
 

E
:;'

 
2n

i 
iL

4'
1 
L 

LJ
 

• 

-—
 

_1
_ 

flE
4u

- 
I 

• 

-•
 

C
t]i

T
)f

L.
 

--
 

III
 

—
/-

b-
Q

D
- 

i3
 1JT

T
A

) 
• 

c)
 T

id
 

A
r L

a—
 3L

4 

/ //
 

' 1 



3Z
IV

 

V
' 

IF
 

LC
71

F
 

C
L 

c7
f 
i—

- 

-(
LJ

&
. 7

F
 

k 
(3

 

lit
' 

Ii 

LI
 



ffW
 

- 
/ 

Lg
LP

 
. 

- 
rs

L 
Lk

J 
—

 -
- 

- 
1/

30
 

—
--

1—
- 

S
_2

tz
O

E
 

w
c 

JZ
-J

Ih
' —

 - 
- 
-y

 t
hi

12
 

- -
 

ic
L -

 -
 

- 

(i - t
? 

/u
 /)

 
- 
'fl

 -c
 

c 
-.

 -
 

t. 
/ 2

 '.
S

T
i- 

J'
y.

 - 
JL

O
 

tj3
 

"-
'E

&
 

- /
0 

V
. 

/-
iE

 
- 

iZ
 .3

 
yE

 
(e

 J
 -H

'--
 L

 
- 

- .4
 c

- 
r 

-,
L 
'L

 
t1

 e
cx

- J.
j 

—
 

c'
 

"4
' 

Q
 /\

O
,\ 

- 
, 

' -
_4

__
_ 

t1
S

!r
Ø

 Iu
1T

 
'T

h-
1 

Il)
 

rC
—

-.
 

--
 
ie

 
.B

- 
- 

- 

/ 3
s 
-i 

LJ
 

- 
- 
t4

4-
ç 

L 
- 

- 
) 

- 
- -

 - 

c 

I 

qt
 

A
1h

 
af

3 
: 
- 

- 
-.

 

ai
E

 
17

00
 
/r

iL
LS

 L
O

t 

-.
4 



c-
 

T
ha

k 
-"

'L
 

L
F 

A
r 

L
pO

k—
 ,

,2
.k

E
. 
kf

 
r_

__
_ 

1:
cL

t-
)p

t' ?
Q

 

'b
 -

 s 
C

13
- -

 

- S
i T

E
- 

- 
Jc

 IJ
2 

—
i-4

 

Fo
 i?

 
-A

 
, g1

3"
I 

- 

4 
.-

. -r
 Y

4k
&

tf 

9 
.-

i-9
3 

hi
 

i-p
-L

 T
1'

 
4±

2 
T

Y
i-u

A
 

- 

2J
J 

f?
t1

'J
 

-J
-)

 ,'
 

__
_ 

__
 

- 

10
 0

3 
12

U
4I

 T
 

.J
 

/4
 b

6I
7v

 
rn

. S
tJ

1L
. 

7 
Li

 r'
 c 

__
__

__
 

1 

cr
c:

 c
c)

 /
?4

-f
4-

'v
ik

 

fv
J 

j 
15

iL
r?

 
P

c'
-r

I t 
/3

0 
P

 T
i m

 i S :7
Z

io
C

 

I 3
O

 L
o 

17
tc

-I
Z

. L
i t' 

—
 r 

—
 —

 
p 

ftE
)i-

 
t7

k 
/''

 6
 

_&
__

 
r7

tz
rr

l 
s-

 
I 

-(
 )( 

/O
7j

C
) 

C
 r-

-L
 

T
hA

—
rr

 i5
ji 

e 
A

 
k-

ç 
C

I2
A

 -W
- r

 

F 
- 

-T
f 

L1
 

- 

I6
 I 

II
 

�-
iu

cw
( I

 V '-
 IL.

. 

-f
l V

i C
-ib

 
tY

 

Sc
iT

. 
1k

' ic
vi

n,
nc

z 

4-
 c 

!o
Lt

 e 
P

4L
 i: 

) 
N

.i2
- 

yf
#L

 
j4

1 
V

-b
 

F
4f

i 
q 

I 



—
-i1

LL
4J

1 
—

- 
—

 
- 

—
1 
t1

 k
 

T
 4(j 7

C
J c

] -
j t L

 

4—
--

 

--
 

- 

- 
—

--
, 

--
 

! 

—
 

-H
--

--
-—

- 
H

 

-o
7 

V
 

- 

y-
/ /

 
i3

ci
3w

 - 
r-

'1
 —

 14
'L

3*
 r <

 
- 

33
S

fly
 r 

<
) 

- 
- 

y 

r?
w

-/
e 0

3 

- -
 

.-
- 

.&
 f7

 
- 

nz
—

w
iv

' 
t7

 —
 T

i&
3'

 I,
o 

;iw
-S

 
86

D
/1

.E
,i2

 
15

Q
 

)g
qi

1O
!3

4t
 -—

 
J3

o.
 

1b
fw

 
j3

/5
 rik

,.-
 —

 

- 
P

W
T

 

iI 

C
 

II 

r-
 

-_
_-

_,
,c

-_
 

tI 
I I I 



—
 

,—
--

; 
-t

r.
 

(-
1-

z_
 

"-
 

y-
 U

t4
-'C

 

IIf
 

/L
 

id
i 

tJ
1 

- 
k 

--
 _

_g
6j

_c
)f

i3
__

_ 
- 

__
 

- 
- 

w
n 
' 

--
- 

--
-4

-A
 

-—
--

—
Lc

E
__

F
_s

 
/I3

T
 a

 
H

R
J3

i&
ki

 
- 
- 

- 
- 

ftJ
4 

LL
f 

_i
vi

 .1V€ 
s 

4w
cT

 

m
 

3 
&

d,
 

iO
 

I 
V

J.
 

IL
 

--
 

—
 

1L
1J

_T
t-

rL
 V

i 
—

Lt
Q

 
c*

1 
kL

J4
sL

 
H

 

P
_4

D
I 

';-
r\

 

rr
-.

 



L 

7 
T

h)
 

j5
5 

11
o 

j4
,jO

 
IP

I?
v 

r-
LJ

?7
3f

I 
/ 

7Z
 N

IL
i, 

g0
g1

 
v1

iJ
 

t-
te

 c
im

 o
-ir

 in
:-

 
i4

 m
1,

rr
 F

 Vfl
E

- 
'ft

y 
i i

/)
 )\ìç 

T
i*

kT
 

4 to
 ff

 SIb 
j LO

 
C

1-
(4

' L
L6

 
-j 

•-
J&

 2 
./.

 
.w

tL
 - 

T
h-

k 
1 

F
P

D
uk

 
SI

4,
vt

,..
J 

—
 

i-
 - M

E
E

r,
. &

1 
-.

 —
 

F
t D

-5
_t

4s
 o

cr
'rs

 
-3

--
 

.E
 

ij1
ifl

, 1
±

 V
'/D

-1
 

5o
ei

O
S

 
- 

- 
Jt

 I
*!

J2
 iA

L1
LL

 

I—
 

- - 
ir

 
/ 

, 
7 

- 
c 

- 
F

ít 
0 

F
 

5,
4-

hp
 j-

t1
\C

 
C

Lf
3z

C
 

3F
R

 M
yF

iD
 iT

 

it-
 

'T
 ' r-

 
Se

U
 

L
 

--
 7 

4-
J t

b 
r}

j c
,S

t. lW
3-

11
3?

itJ
,, 

2 
S

. 
F

iti
. ip

 
í 

C
 K

r 

I—
 

)c
 T

h5
L

&
i 

P
e-

r 
L-

L 
w

in
 

E
v?

L
J,

j c
s 

W
 

- 
A

r'f
) 

- 
L

I 
1j

fji
1j

 
/O

lL
.1

IL
.J

 L
e 

cL
..L

A
.U

 ,
LA

 

f-
k.

1&
, 
P

d-
 4J

. c
D

 M
 

I_
sJ

_ 
- 

- 

- 

C
cJ

 -2
 

__
__

__
__

- 



- 
--

i 
L

U
Q

4 
- 

—
L I 

•j 

J;
1 

-F
-E

rF
L±

L 
- -

 
- 

_J
 

I_
m

y 
1)

i j7
Is

 
'1

 
J1

 fh
 jt

. 
L

 
T

 
L

 bL
 

- 
13

?Q
 - 

- 
-+

 

?.
J 

IJ
 

N
 1

i3
-z

c1
 - 

cf
rf

lP
2A

J)
ijo

 

ic
-f

lJ
o 

IV
' 
l'?

'/ 
3 

—
 

C
—

 
5i

/ 

-2
e 

—
 

L-
T

T
E

6)
 
2i

p 
i-"

 - 
-.

 
n(

 7e
if

 
(e

 O
 - 

17
-)

 
Fo

L
 j

v(
 

C
ô-

 
- 

cL
O

 L
 G

&
y 

5ü
-4

 i &
E

 
ie

 
• 
dc

. Li
L&

J 

IY
 /

/t 
&

Y
 

II;
 

F
 

T
F

r 



r,
 

'- -L
•,

 

/c
 

01
Jq

 
-t

&
p 

. I 
(' 
L - 

--
&

2-
 .j

A
i 

53
 I

'! 
. 

(V
O

T
 

&
3t

 

1'
k)

i :f
ln

L 
yt

v(
 

• 
- 

- 
• 

- 

- —
 

• 

i'-
i b

t(
 L

L 

'. 
f1

"j 
/7

/?
L-

 iC
 

j1
�L

 
__

_(
_ 

/ 
).

r 
j-

 1y
L-

 i
 

V
 

ñ\
ft-

C
 
n 

• 

—
7q

 -z
4t

 -- 
E

c '
-_

Lc
 

- 
- --

1 

I' II
I 

H
 

_t
St

 
£i

fi 

H
 

I 
/5

 



b,
dt

3 
zD

P
J 

- 
-.

 
-.

. 
J&

rT
 

—
 

4-
 --

'--
 Q

__
--

. --
--

 1- 
- 
bi

 
- 
L-

4-
 

f 
(•

\ 
_,

 
R

•_
n 

-r
i) 

oj
-C

T
 

ii1
17

 
C

/•
3c

' 
•/

O
 

7 
Jf

, - 
- 

:?
i- 

• j tA/tl 1Qi -;
 iE

 
- 

-lr
t - 

_i
 £

t1
 A_

i 

• 
•f

-,
s 

- 
2'

2.
ct

F
 • 

jc
2 • 

/-
j4

 
P

ii,
 T

)-
 2

 
k4

&
7!

 /f
7.

 
5 

/ C/7
3,

 
C

 

- •:
iL

71
 ;i

 
/, 

6 
c 

L 
ii 
i ' 

- 
ot

 
4 

/ -
 

__
__

_ 

'-b
 b

j 
-h

 £u
f'c

e 
- 

ck
L 

4i
Z

 
- 

6 
i±

LC
 

:c
 i-! 

L - 

os
l• 
))

• 
•f

l&
o_

I±
 p

m
Lw

 
c4

) 
) 2

±
3 

- 
hu

c 
A

A
1L

A
JJ

a 
\ 

—
 

45
 9

C
jj 

O
 

• 

- 
rI

si
c 

g 
'j-

•_
- 

—
- 

C
'L

rL
J 

5 
)J

 
iJ

1 
L2

LJ
_ 

•&
fi 

S
)i 

I 
5 

A
L 

ei
?c

 -W
i9

-f
) 

- 

12
 C

') ff
r 

E
Jf

i rF
F

 
/7

1,
 '-

3 
F

2L
 

I 

• 
i&

—
 

iE
 I'1

'/1
V

r' 
—

 

- 

.. 
9I

V
 

7•
7 

- 
.2

 
j & p 

—
T

 
lIr

-"
 C

,4
) 

—
1 

er
 c

t5
4V

 
i1

'J
c 

k 
__

_ 

L 
1D

 
Jb

'2
T

 CC
 

—
/ 

Li
t'?

'J
 

(7
- 

2O
J 

- 
iA

Y
rr

LE
 

--
?i

O
 1

L
 

7 
I - 

--
- 

/ 

7L
LL

I --
- 

E
 

-'-
T

 
gi

r'—
- 

- 



'L
 

4—
 

II 

j_
_ 

- 

/O
i5

- 
- 

'P
J-

 
1T

LJ
) 

I/ 
- 

- 
T

•[
L;

L-
 J±

f1
7J

2 

--
 

i4
- 

- 
1y

ih
JL

 4
vF

) r
,v

 1
L 

A
-T

i: 

4i
ii)

 o
zJ

3)
 7i-

m
 

4-
4 

- 
I&

) &
 - 

77
 __

7-
 I:

E
: i

itl
 . V

 s 
m

a.
 

,-
r?

f'I
IY

 
M

-i 
r±

L
i 

--
 — 

- 
k_

i 
LF

 
A

/ 
/J

 L
#1

-1
L

L
 

A
f 

__
_ 

- 
- 

1z
kj

iv
i b)J

-''
 

__
__

__
__

__
__

__
—

. 
.1

 _
__

__
_ 

__
__

- 
—

 
—

 

flJ
L-

 ML
i. 

£3
,I 

rn
71

?_
 

- 

di
 1 -'4' 

i- 
. - 

—
- 

-/
)2

 '-
'- 

_;
 

J4
A

y 
- 
H

4&
r - 

12
2i

 //
 i2

1 
Ji

1 
E

 
- 
_r

1,
-E

i_
 

__
_•

--
--

 —
 - 

- 
- 

- 

A
 
"J

i-V
_-

/ 7
W

 If
E

 
__

 

j.P
e 

V
1 

- /
j.i

:i 
•,

U
ir

- 
- 
fT

h 
¼

 

c-
1_

J1
o 

) j
-.

,e
,—

.•
 - 

Ii L_
_ 

• 
-,

 - 
-•

- 
- 

.. 



2 uJ
 

'I 
, 

A
 
' I 
. ;

-z
'r 

S
T

R
A

IG
H

T
 B

IL
L 

O
F

 L
A

D
IN

G
—

S
H

O
R

T
 F

O
R

M
—

O
R

IG
IN

A
L—

-N
O

T
 N

E
G

O
T

IA
B

LE
 

N
A

M
E

 O
F

 C
A

R
R

IE
R

 

H
.E

.R
,T

., 
IN

C
. 

C
A

R
R

IE
R

S
 N

O
. 

D
A

T
E

 

30
44

0 
R

E
C

E
IV

E
D

, 
su

bl
ec

t to
 tM

 c
la

se
ift

ca
tio

ns
 an

d l
aw

fu
lly

 til
ed

 ta
rif

fs
 In

 af
fe

ct
 o

n 
tIr

e 
da

Is
 01

 th
e 

is
su

e 
of

 th
is

 B
Ill

 o
t L

ad
in

g.
 

th
e 

pr
op

er
ty

 d
es

cr
ib

ed
 b

el
ow

 i
n 

ap
pa

re
nt

 g
oo

d 
or

de
r.

 e
oc

ep
l a

t n
ot

ed
 (

C
O

flt
en

ts
 an

d 
C

or
rd

ib
on

 of
 c

on
te

nt
s 

O
f p

ac
ka

ge
s 

un
kn

ow
n)

. 
m

In
ce

d,
 c

on
si

gn
ed

, a
rid

 d
es

tin
ed

 a
s I

nd
ic

at
ed

 b
el

ow
 w

hi
ch

 la
id

 ca
rr

ie
r 

(t
he

 w
or

d 
ca

rr
ie

r b
ei

ng
 u

nd
er

st
oo

d 
th

ro
ug

ho
ut

 th
in

 co
nt

ra
ct

 a
s 

m
ea

ni
ng

 a
ny

 
pe

rs
on

 o
r c

or
po

ra
tio

n 
in

 p
os

se
ss

io
n 

of
 th

e 
pr

op
er

ty
 u

nd
er

 th
e 

co
nt

ra
ct

) 
ag

re
es

 t
o 

C
ar

ry
 to

 it
s u

su
al

 p
la

ce
 0

1 
de

lIv
er

y 
at

 s
ai

d 
de

st
in

at
io

n.
 I

f o
nr

tl r
ou

te
, o

th
er

w
Is

e 
to

 d
sl

lv
.r

 to
 a

no
th

er
 c

an
ni

er
 on

 th
e 

ro
ut

e 
to

 sa
id

 d
es

tin
at

io
n.

 It
 in

 m
ut

ua
lly

 a
gr

ee
d 

as
 to

 e
ac

h 
ca

rr
ie

r o
tiS

 o
r a

ny
 a

t, 
sa

id
 

pr
op

er
ty

 o
ve

r 
al

l o
r a

ny
 po

rt
io

n 
of

 sa
id

 r
ou

te
 to

 d
eo

tln
at

io
n 

as
 to

 e
ac

h p
ar

ry
 a

t a
ny

 tim
e 

in
te

re
st

ed
 in

 a
ll 

or
 an

y 
sa

id
 p

ro
pe

rt
y,

 th
at

 e
ve

ry
 S

er
vi

ce
 to

 be
 p

er
to

rm
ed

 h
er

eu
nd

er
 s

ha
ll 

be
 il

ub
le

ct
 1

05
11

 fI
rs

 te
rm

s 
an

d 
co

nd
itI

on
s 

ot
 th

e 
U

ni
fo

rm
 D

om
es

tic
 S

tr
ai

gh
t 

B
Ill

 o
f L

ad
In

g 
ac

t fo
rt

h 
(I

) 
in

 U
nh

lo
rr

rr
 F
re

ig
ht

 C
la

ss
IfI

ca
tio

ns
 i

n 
st

Ie
d 

on
 th

e d
at

e 
he

re
of

. i
f 

th
is

 is
 a 

ra
il o

r a
 ra

lt.
w

at
er

 s
hi

pm
en

t, 
or

 (2
) I

n 
tIr

e 
ap

pl
ic

ab
le

 m
ot

or
 c

ar
rie

r 
cl

as
si

fic
at

io
n 

or
 te

nt
 t

hi
s 

Is
 a

 m
ot

or
 C

ar
rie

r a
hl

yr
rr

.n
t. 

S
hi

pp
er

 he
rs

bT
 ce

rt
ifI

es
 th

at
 ti

le
 fam

ili
ar

 w
ith

 it!
 th

. t
er

m
s a

nd
 c

on
di

tio
ns

 of
 th

e 
sa

id
 b

ill
 of

 ts
dt

rr
g,

 s
et

 fo
rt

h 
In

 lb
. c

is
al

ifi
ca

tlo
n 

or
 ta

rif
f w

hi
ch

 g
ov

er
n.

 III
. tr

an
ap

or
ta

tlo
n o

f t
hi

s 
sh

ip
m

en
t e

nd
 th

. s
ai

d t
.r

m
a 

an
d c

on
dl

if a
ria

 ar
e 

he
re

by
 ag

re
ed

 t
o 

by
 lb

. e
hi

pp
er

 
s.

,, 
ac

ce
pt

ed
 o

r h
im

se
lf a

nd
 h

i. 
as

si
gn

s.
 

0
9
/
1
5
/
9
3
 

S
H

IP
P

E
R

'S
 N

O
. 

01
 2

e2
 1!

 

C
 

'V
 

F
R

O
M

: 
C

P
R

S
W

E
LL

 
A

IR
F

O
R

C
E

 B
A

S
E

 
S

H
IP

P
E

R
 
C

A
R

S
W

E
LL

 
A

IR
F

O
R

C
E

 B
A

S
E

 

I 
.IE

[ 
V

II:
 

ilf
lrI

T
 'I

 
)r

.1
1 

IC
 

F
O

R
T

 
W

O
R

T
H

, 
T

X
 

76
12

7 
21

4—
63

7—
64

34
 

T
O

: 
H

.E
.fl

.T
. 

E
N

E
R

G
Y

 

C
O

N
S

IG
N

E
E

 

S
T

R
E

E
T

 
D

a 
1 
la

s,
 

X
 

D
E

S
T

IN
A

T
IO

N
 

Z
IP

 
75

21
2 

D
E

U
V

E
N

G
 

H
. E

. A
. T

., 
IN

C
. 

1F
#4

#F
R

P
N

K
 

G
R

E
Y

 
E

R
B

A
L 

V
E

flC
LE

 2
14

 6
37

—
64

34
 

C
LA

S
S

 
C

H
A

R
G

E
S

 
O

R
 R

A
T

E
 

(F
O

R
 C

A
R

R
IE

R
 U

S
E

 O
N

LY
) 

N
O

. 
P

A
C

K
A

G
E

S
 

H
M

 
K

IN
D

 O
F

 P
A

C
K

A
G

E
, 

D
E

S
C

R
IP

T
IO

N
 O

F
 A

R
T

IC
LE

S
, 

S
P

E
C

IA
L 

M
A

R
K

S
 A

N
D

 E
X

C
E

P
T

IO
N

S
 

W
E

IG
H

T
 

(S
U

B
JE

C
T

 T
O

 C
O

R
R

.)
 

X
 

x
 

S
D
R
(
5
5
)
 

(
5
5
)
 

**
* 

R
E

C
Y

C
LE

D
 
P
R
O
D
U
C
T
S
 
*
*
*
 

r4
ot

er
-c

cP
 -

i1
E

T
L 

D
JN

t3
5—

 
**

* 
W

A
S

T
E

 
P

R
O

D
U

C
T

S
 
**

* 
12

61
30

35
00

-S
O

IL
 

11
91

30
35

00
—

W
A

T
E

R
 

ST
A

R
T

IN
G

 M
IL

E
A

G
E

__
__

__
__

__
_ 

A
R

R
IV

E
 

T
IM

E
__

__
__

__
 

N
O

N
R

E
G

 

N
O

N
R

E
G

 
N

O
N

R
E

G
 

E
N

D
IN

G
 M
I
L
E
A
G
E
_
 

D
E
P
A
R
T
 
T
I
M
E
 

C
O

D
. F

E
E

: 

J 
C

O
D

 
A

m
t. 

$ 
- 

C
ol

le
ct

 
$ 

ve
en

 t
w

o 
po

lio
 b

y 
a 

ca
rr

ie
r 

by
 I 

N
O

T
E

: 
W

he
re

 t
he

 r
at

e 
is

 d
ep

en
de

nt
 o

n 
va

lu
e.

 s
hi

pp
er

s 
ar

e 
re

qu
ire

d 
to

 s
ta

le
 s

pe
ci

fic
al

ly
 in

 w
Ill

in
g 

th
e 

ag
re

ed
 o

r d
ec

la
re

d 
I t

he
 b

ill
 o

f 
)a

dr
ng

 s
ha

ll 
st

at
e 

va
lu

e 
ot

 th
e 

pr
op

er
ty

 
pp

er
s 

w
ei

gh
r 

T
he

 ag
ro

 o
r d

ec
la

re
d 

ve
iu

a 
at

 ih
a 

pr
op

er
ty

 Is
 h

er
eb

y 
ap

ec
ttt

ca
tiy

 st
at

ed
 by

 ih
e 

sh
Ip

pe
r lo

be
 ,r

ot
 e

sc
ee

di
ng

 

if 
st

am
p;

 n
ot

 a
 
pa

rt
 0

1 
bI

tt 
of

 
S

ta
te

 C
om

m
er

ce
 C

om
m

is
si

on
. 

pe
r 

P
er

m
an

en
t 

po
st

 o
ffi

ce
 a

dd
re

so
 o

f s
hi

pp
er

 

S
ub

pl
ct

 to
 S

ec
tio

n 
7 

of
 c

on
di

tio
ns

, 
It 

th
Is

 eh
ip

in
sn

l 
is

 to
 b

e 
de

liv
er

ed
 to

 th
e c

on
si

gn
ee

 w
ith

ou
t r

ec
ou

rs
e 

on
 th

e c
on

si
gn

or
, t

he
 

co
ns

ig
no

r 
sh

al
l s

ig
n 

th
e 

fo
llo

w
in

g 
st

sf
er

n,
nf

: 
T

he
 c

ar
rie

r 
sh

al
l n

ot
 m

ak
e 

de
lIv

er
y 

of
 th

is
 s

tr
lp

rn
am

 w
ith

ou
t 

pa
yr

na
nr

 o
f f

re
ig

hi
 a

nd
 a

lt 
oi

he
r 

la
w

fu
l C

ha
rg

es
 

IS
ia

ne
lu

r.
 ot

 C
on

sl
on

or
l 

T
O

T
A

L 
C

H
A

R
G

E
S

 
$ 

u,
 

T
hi

s 
Is

 to
 ce

rt
ify

 th
at

 th
e 

ab
ov

e 
na

m
ed

 m
at

er
ia

ls
 a

re
 p

ro
pe

rly
 c

la
ss

ifi
ed

, d
es

cr
ib

ed
. p

ac
ka

ge
d,

 m
ar

ke
d 

an
d 

la
be

le
d,

 a
nd

 a
re

 in
 p

ro
pe

r c
on

di
tio

n 
fo

r t
ra

ns
po

rt
at

io
n,

 a
cr

di
r'r

g 
to

 th
e 

ap
pl

ic
ab

le
 re

gu
la

tio
ns

 o
f t

he
 D

ep
ar

tm
en

t o
f T

ra
ns

po
rt

at
io

n'
. 

/1
5 

/c
:c

ju
V

?Z
 5

 
9-

15
 9

3 
/h

ip
pe

r,
 P

er
 
4f

J4
_ 
y/

J 
(e

nt
, P

er
 (' 

,,h
j 

. 
P

,''
'l,

',"
'V

't 
F

C
I,,

', 
:r

J,
. lI

T
 ']

u"
,P

.'R
 T

.I.
.,,

 I. 
lIr

.fl
u,

.I!
 

11
0 

S
Ilf

l(L
I..

I{
H

M
 l7

0r
 

1 

F
re

iq
ht

 c
ha

ra
cs

 a
re

 
)E

P
A

)0
 Vi

lli
es

a 
C

he
ck

 b
oo

 
ri:

irk
 e

li 
co

Ile
ct

 
If 

ch
ar

ge
s 

ar
e 

C
ol

le
ct

. 

M
A

F
IK

 W
IT

H
 'X

" 1
0 

1i
'T

G
 N

A
T

E
 H

A
Z

A
F

(D
'O

lJ
S

 M
A

T
E

R
IA

L 
A

S
 D

E
F

IN
E

D
 I

N
 T

IT
LE

 E
 FEDE

R
A

L 
R

E
G

U
LA

T
IO

N
S

"' 



3. Generators Name and Mailing Address CARSWELL A I R FORCE BASE
ATTN:
FRANK GREY

4. Generator's Phone ( 817 )782—6282

5. Transporter I Company Name
H.E.A.T., INC.

CARSWELL AIR FORCE BASE
FT. WORTH, TX. 76125—5000

6. US EPA ID Number

fi X D 9.8.0.6.2.4.0 3

A. State Man test Document Number

. 00418141
B. State Generators ID

'65004
C. State Transporters ID .

D. Transporter's Phone 1b41bLf.14

UNIFORM HAZARDOUS 1 Generators US EPA ID No. Manifest

WASTE MANIFEST 1 X 0 5. 7• 1 9 2 4 . 4 .2 I Document No.
2. Page 1 Information in the shaded areas

of is not required by Federal law.

Transporter 2 Company Name 8. US EPA ID Number

I

E. State Transporter's ID .

F. Transporters-Phone

Designated Facility Name and Site Address 10. US EPA ID Number
HEAT ENERGY ADVANCED TECHNOLOGY, INC.
4460 SINGLETON BLVD.

G. State Facility
. . 50029.

H. Facility's Phone
,'

DALLAS, TEXAS 75212 fI. X.D.9.8.0.6.2.4.0.3.5 214—637—6434

vIA 11. US DOT Description (including Proper Shipping Name, Hazard Class, and ID 12. Containers I.

HM Number) No. Type Quantity WI/Vol Waste No.

a. NON HAZARDOUS ACCORDING TO 40 CFR
— —

. .C9Z63191
(SOIL) DM c.9'5' 6

— — NON REGULATED MATERIAL
. . —— . . . . —

b. NON HAZARDOUS ACCORDING TO 40 CFR
(RINZATE)

NON REGULATED MATERIAL

1i
. .

DM
. . . . .

6
:C9Z61191
.. -

.

c. .

d.

J:Adaitional Descnptions for Materials Listed Above '1l45 .-iiflD 't) .. '
:r1 ,.:•

.:1a. 261303500 ..\_
- lib. 1i91303500)

K. Handling Codes for Wastes Listed Above

j. :. '1ia.''M06i
. . .... ilb. M061

5. Special Handling Instructions and Additional Information

24 HOUR EMERGENCY CONTACT: FRANK GREY (817)782—6282

16. GENERATOR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by proper shipping name and are
classified, packed, marked, and labeled, and are in all respects in proper conoition for transport by highway according to applicable international and nationa)
government regulations. incluoing applicable state regulations.
If I am a large quantity generator, I certify that I have a program in place to reduce the volume and toxicity of waste generated to the degree I have determined to be
economically practicable and that I have selected the practicable method of treatment, storage, or disposal currently available to me which minimizes the present and
future threat to human health and the environment; OR, if I am a small quantity generator, I have made a good faith effort to minimize my waste generation and select
the best waste management method that is available to me and that I can afford.

A
N
s
P
0

E
A

Printed/Typed Name Signatur

G- I -J 4?
17. Transporter 1 Acknowledgem4'nt of Receipt of Materials

Month Day Year

O7
VS L

Date

Printed/Typed Name I Signature

TAh K /,A Z7j(jf
18. Transporter 2 Acknowledgement of Receipt of Materials

Month Day Year
o I / S 19t 3

Date

Printed/Typed Name I Signature
I
I

Month Day Year1-11
19. Discrepancy Indication Space

F
'

i.
iI
V

20. Facility Owner or Operator: Certification of receipt of hazardous materials covered by this manifest except as noted in Item 19.
Date

Printed/Typed Name

f
Signature Month Day Year1•11

TEXAS WATER COMMISSION
P.O. ox 13087, Capitol Station
Austin, Texas 78711-3087
Please print or type. (Form designed for use on elite (12-pitch) typewriter.) Form approved. OM No. 2050-0039, expires 09 30 94

TWC-0311 (Rev 01/2193) White - original Pink-TSD Facility Yellow-Transporter Green-Generatorsfirstcopy



When using the Uniform Waste Manifest for rail or water (bulk shipment) or international shipments refer to the applicable TWC regulations.-
REPORT SPILLS AND/OR DISCHARGES TO THE TEXAS SPILL RESPONSE CENTER AT 512/463-7727

(24jI9JS
INSTRUCTIONS TO GENERATOR (Please Type or Print Clearly)

(1) Enter the Generators U.S. EPA twelve digit identification number and the unique five digit number assigned to this manifest by the generator if you are
shipping hazardous waste.

(2) Enter the total number of pages used to complete this manifest.

(3) Enter the company name and mailing address.

(4) Provide a phone number where an authorized agent of your firm maybe reached in the event of an emergency.

(5) Enter the company name of the first transporter and their U.S. EPA ID Number.

(6) If applicable, enter the company name of the second transporter and their U.S. EPA ID Number. tf more than two transporters are used, enter each additional
transporter's information on the Continuation Sheet (EPA form 8700-22A).

(7) Enter the company name, site address, and U.S. EPA ID Number of the facility designated to receive the waste listed onthis manifest.

(8) COMPLETE ALL STATE OF TEXAS INFORMATION A. THROUGH H. IN THE SHADED AREAS.

(9) Complete the waste description table as follows:

(A) ITEM 1 IA - When shipping an EPA/DOT regulated hazardous waste or material in conjunction with solely state regulated waste enter an "x" in the
HM box before each EPA/DOT regulated waste/material description.

(B) ITEM 11 - Enter the U.S. DOT Proper Shipping Name, Hazard Class, and ID Number (UN/NA) for each waste identified. If it is a Class I nonhazardous
waste use the Texas Waste Code description.

(C) ITEM 12 - Enter the number of containers for each waste and the appropnate abbreviation for type located in Subchapter A of the TWC Industrial
Solid Waste Rules. .

(0) ITEM 13 Enter the total uantity of waste'described on each line.

(E) ITEM 14 Enter the appropriate letler from the table below for the unit of measure.

G = Gallons (liquids only) Y = Cubic Yards M = Metric Tons (1000 kg.)
P Pounds L = Liter (Liquids Only) N = Cubic Meters
T Tons (2000 lbs.) K = Kilograms

(F) ITEM I - Enter the appropriate TWC State Waste Code for each waste you are shipping.

(10) The Generator must read, sign (by hand), and date the certification statement. If a mode other than highway is used, the word "highway" should be lined
out and the appropriate mode (rail, water or air) inserted in the spae below. In signing the waste minimization certification statement, those generators
shipping hazardous waste who have not been exempted by statute' or regulation from the duty to'make waste minimization certification are also certifying
that they have complied with the waste minimization requirements. .

(11) The manifest must be signed and dated by the first transporter in the presence of the Generator. If more than ore transporter is to be used, the Generator
must provide additional copies for their use.

"(12) Generator retains green copy, sending remaining copies with the driver.

INSTRUCTIONS FOR THE TRANSPORTER (Please Type or Print clearly)

(I) As driver of the transport vehicle, you are responsible for ensuring that all waste received by you arrives at the specified destination.

(2) Sign and date the space provided, certifying the waste amounts in PART I were received for transport. NOTE: If you are unable to carry out the delivery
of the shipment as specified, dial the emergency phone numbers given in PART I notifying the GENERATOR.

(3) Upon delivery of the shipment, the ISO Facility Owner/Operator is to sign for the shipment in your presence and fill in "date received".

(4) Separate the yellow copy and retain for your records. Leave the remaining copies with the TSD Facility Oiner/Operator. —

INSTRUCTIONS TO TREATMENT, STORAGE AND DISPOSAL (TSD) FACILITY OWNER/OPERATOR (Please Type or Print Clearly)
'¼

- S . ,., .. ..

(1) The authorized representative of the designated (or alternate) facility's owner or operator must note in ITEM 19 any sinificart discrepancy between the
waste described on the manifest and the waste actually received at the facility.

(2) Enter date received and sign in the presence of the driver declaring receipt of the wastes and verifying the quantities in the table in PART I.

(3) Retain the pink copy for your records and return the completed original (white) copy to the GENERATOR.

U.S. EPA and TWC regulations require that copies of this Uniform Hazardous Waste Manifest be retained for a period of three (3) years in your company records. Do 021 senc
to TWC unless otherwise notified by these departments.

Public reporting burden for this collection of inlormation is estimated to average: 37 minutes for generators. 15 mInutes for transporters, and 10 minutes for treatment. storage
and disposal facilities. This includes time for reviewing instructions, gathering data, and completing and reviewing the form. Send comments regarding the burden estimate, including
suggestions for reducing this burden. 10: Chief. Information Policy Branch. PM-223. U.S. Environmental Protection Agency. 401 M Street SW.. Washington, DC 20460: and to the
Office of Information and Regulatory Affairs. Office of Management and Budget, Washington. DC 20503.



GENERATOR NOTIFICATION REGARDING SHIPMENT OF WASTES RESTRICTED FROM LAND'PM)
UNDER 40 CFR 268.7 (a)(1)

This rrntification is submitted to HEAT ENERGY ADVANCED TECHNOLOGY, INC. in accordance with the Land Disposal Restrictions. Generators of
un EPA. Hazardous wastes must provide the following information with each shipment delivered to a treatment facility. No waste which exceeds any
ment standards or concentration limits may be utilized in land disposal until it can be certified by the treatment facility to meet the requirements. The

restricted wastes listed on this page are not a comprehensive list. This list represents only those restricted wastes which might be accepted
for treatment by H.E.A.T., Inc.

1 Generator Name and Address:

2 H EAT. Waste Profile Number:

CARSWELL AIR FORCE BASE, CARSWELL AIR FORCE BASE, FT. WORTH, TX.

1261303500

3 E PA Hazardous Waste Code(s) NON REGULATED MATERIAL

4 Manifest number associated with this shipment:

(Please list here all E.P.A. codes circled elsewhere on this forn't

00418141

5 Attach waste analysis, if available (first time only). NOTE: Generators using process knowledge must keep supporting data in their operating records.

A. F' LISTED WASTE CODES (40 CFR 268.43, CCW)

INSTRUCTIONS: For each solvent waste constituent present in this waste or its extract, circle the treatment standard(s) which apply.

Sc/vent Constituerts
Acetone (F003)
n-Butyl Alcohol (F003)
Carbon Disulfide (F005)
Carbon Tetrachloride (FOCI)
Chlorobenzene (F002)
Cyclohexanone (F003)
1 2-Dichlorobenzene (F002)
Ethyl Acetate (F003)

Benzene (F003)
Ether (F003)

Iso-Butanol (F005)
Methanol (F003)

TREATMENT STANDARD
Wastewafer Non-wa stewafer

Total Conc. (mg/I) Total Conc. (mg/kg)
0.280 160.0
5.600 2.6
0.014 4.8*
0.057 5.6
0.057 5.7
0.360 0.75*
0.088 6.2
0.340 33.0
0.057 6.0
0.120 160.0
5.600 170.0
5.600 0.75*

Solvent Constituents
Methylerie Chloride (FOOl or F002)
Methyl Ethyl Ketone (MEK) (F005)
Methyl Isobutyl Ketone (MIBK) (F003)
Pyridine (F005)
Tetrachloroethylene (FOOl or F002)
Toluene (F005)
1,1,1 -Trichloroethane (FOOl or F002)
Trichloroethylene (FOOl or F002)
1,1 ,2-Trichloro-

1 ,2,2-Trifluoroethane (FOOl or F002)
Trichlorofluoromethane (FOOl or F002)
Xylenes—Total (F003)

* TCLP required if only one, two or three constituents are present.

B. CALIFORNIA LIST

Liquid hazardous wastes, including free liquids associated with any Solid or sludge, containing the following metals (or elements) or compounds of these metals (or
eIments) at concentrations greater than or equal to those specified below.

Instructions: Circle 'YES" if the metals and/or compounds exceed the limits listed below.

(i) **II Arsenic and/or compounds (as As) 500 mg/I

(it)#1 Cadmium and/or compounds (as Cd) 100 mg/I

iiit*l$ Chromium and/or compounds (as Cr VI) 500 mg/l

(ivlJt$ Lead and/or compounds (as Pb) 500 mg/I

YES

YES

YES

YES

(v)#q Mercury and/or compounds (as Hg) 120 mg/I

(vi) Nickel and/or compounds (as Ni) 134 mg/I

(vi* Selenium and/or compounds (as Se) 100 mg/I

(viii)Thallium and/or compounds (as TI) 130 mg/I

YES

YES

YES

YES

2 Liquid hazardous wastes that are primarily water and contain halogenated organic compounds (HOC) in total concentration greater
than or equal to 1,000 mg/i and less than 10,000 mg/I HOC's

3. Liquid hazardous wastes that contain HOC's in total concentrations greater than or equal to 1,000 mg/I and are not already
restricted by (2) above (268.32(a)(J)j.

"0" CHARACTERISTIC WASTE CODES (40 CFR 268.42, TECH)
i,uUl — Ignitable Liquids, Wastewaters <1% TOG <1% TSS
DOOl — Ignitable Liquids, < 10% TOG
DOOl — Ignitable Liquids. � 10% TOG

NOTICE! Signature and date required on the reverse side of this document.
Both sides must be supplied with shipping manifests.

YES

YES

TREATMENT STANDARD
Wastewater Non-wasterwater

Total Conc. (mg/I) Total Conc. (mg/kg)
0.089 33.0
0.280 36.0
0.140 33.0
0.014 16.0
0.056 5.6
0.080 28.0
0.054 5.6
0.054 5.6

0.057
0.020
0.320

28.0
33.0
28.0



0. MAXIMUM CONCENTRATION OF CONTAMINANTS FOR THE TOXICITY CHARACTERISTIC
,__. ..-'.' f.-.' a,—.'I

D004-D01 1, 40 CFR 268.41, CCWE & 40 CFR 268.43, CCW(D018-D040, not currently regulated undeiLDR)

E. U" LISTED WASTE CODES (40 CFR 268.42, TECH)

INSTRUCTIONS: Discarded Commercial Chemical and Off-Specification Products: Wastes listed in this section may be land disposed if it can be demonstrated
that no practical alternatives for treatment or recovery exist (SEE: 40 CFR 266.8). Circle any 'U' codes listed below that apply.

FIRST THIRD LIST

U019: Benzene
U031: n-Butyl Alcohol

*4: Chloroform

U051: Creosote

U077: Ethylene Dichloride

U078: 1 .1-Dichloroethylene

Ui 08: 1 ,4-Dioxane

U124: Furan

U 154: Methyl alcohol

Ui59: MEK
U 171: 2-Nitropropane

U188: Phenol

U21 1: Carbon Tetrachloride

U220: Toluene

THIRD THIRD LIST

U052: Cresols

(Cresylic Acid)

U056: Cyclohexane
U071: m-Dichlorobenzene 0.036

U072: p-Dichlorobenzene 0.090

U075: OichlorodifluoromethaneO.230

U079: 1 .2-Dichloroethylene 0.054

U088: Diethyl phthalate 0.540

Ui 12: Ethyl Acetate 0.34

U117: Ethyl Ether 0.12

U123: Formic Acid
U125: Furfural

U191: 2 Picoline

U201: Resorcinol

SQf73

D004 Arsenic 5.0 mg/I
'')05 Barium 100.0 mg/I

06 Cadmium 1.0 mg/I
0007 Chromium 5.0 mg/I
DOOS Lead 5.0 mg/I
0009 Mercury 0.20 mg/I
DOlO Selenium

(nonwastewaters conc.
1.0 mg/I

5.7 mg/I)

DOll Silver 5.0 mg/I
0018 Benzene 0.5 mg/I
0019 Carbon Tetrachloride 0.5 mg/I
0023 o-Cresol 200 mg/I
D024 m-Cresol 200 mg/I
D025 p-Cresol 200 mg/I
0026 Cresol 200 mg/I

0028
D029
0035
D038
D039
D040

1,2 - Dichloroethane 0.5 mg/I
1,1 - Dichloroethylene 0.7 mg/I
Methyl Ethyl Ketone 200 mg/I
Pyridine 5.0 mg/I
Tetrachloroethylene 0.7 mg/I
Trichloroethylene 0.05 mg/I

Waste- Non-waste- Waste- Non-waste- Waste- Non-waste-
waters waters waters waters waters waters
Conc. Conc. Conc. Conc. Conc. Conc.

(mg/liter) (mg/kg) (mg/liter) (mg/kg) (mg/literj (mg/kg)

SECOND THIRD LIST

U002: Acetone 0.280 160.00.140

5.600

0.046

0.031

0210
0025
0.120

36.0

2.6

5.6
1.5

7.2

33.0

170.0

0.360 NA
0.088 6.2

(m-,p-) 0170
(0-) 0.110

U057:

U070:

U 110:

U140:

U161:

U 165:

Ui 69:

Ui 96:

U213:

U239:

5.600 NA
0.280 36.0

Cyclohexanone
o-Dichlorobenzene

Dipropylamine

Isobutyl Alcohol

Methyl Isobutyl Ketone

Naphthalerte
Nitrobenzene

Pyridine

Tetrahydrofurari

Xylene

5.600

0.140

0.059

0.068

0.014

170.0

33.0

3.1

14.0

16.0

3.2

56

62
62
7.2

330
28.0

33.0

160.0

0.039

0.057

0.080

6.2

5.6

28.0

0.32 28.0

.GNA TURE DATE

(1/93)



.1. iZc.y
GENERATOR NOTIFICATION REGARDING SHIPMENT OF WASTES RESTRICTED FROM LAND DISPOSAL

UNDER 40 CFR 268.7 (a)(1)

This notification is submitted to HEAT ENERGY ADVANCED TECHNOLOGY, INC. in accordance with the Land Disposal Restrictions. Generators of
in E P A. Hazardous wastes must provide the following information with each shipment delivered to a treatment facility. No waste which exceeds any
ment standards or concentration limits may be utilized in land disposal until it can be certified by the treatment facility to meet the requirements. The

restricted wastes listed on this page are not a comprehensive list. This list represents only those restricted wastes which might be accepted
foi treatment by H.E.A.T., Inc.

1 Generator Name and Address:

2 H E.A T. Waste Profile Number:

CARSWELL AIR FORCE BASE, CARSWELL AIR FORCE BASE, FT. WORTH, TX.

NON REGULATED MATERIAL

00418141
4 Manifest number associated with this shipment:

5 Attach waste analysis, if available (first time only). NOTE: Generators using process knowledge must keep supporting data in their operating records.

A. "F LISTED WASTE CODES (40 CFR 268.43, CCW)

INSTRUCTIONS: For each solvent waste constituent present in this waste or its extract, circle the treatment standard(s) which apply.

Solvent Constituents
Acetone (F003)
n-Butyl Alcohol (F003)
Carbon Disulfide (F005)
Carbon Tetrachloride (FOOl)
Chlorobenzene (F002)
Cyclohexanone (F003)
1 .2-Dichlorobenzene (F002)
Ethyl Acetate (F003)

Benzene (F003)
,i Ether (F003)

lso-Butanol (F005)
Methanol (F003)

TREATMENT STANDARD
Wastewater Non-waslewater

Total Conc. (mg/I) Total Conc. (mg/kg)
0.280 160.0
5.600 2.6
0.014 4.8*
0.057 5.6
0.057 5.7
0.360 0.75*
0.088 6.2
0.340 33.0
0.057 6.0
0.120 160.0
5.600 170.0
5.600 0.75*

Solvent Constituents
Methylene Chloride (FOOl or F002)
Methyl Ethyl Ketone (MEK) (F005)
Methyl Isobutyl Ketone (MIBK) (F003)
Pyridine (F005)
Tetrachloroethylene (FOOl or F002)
Toluene (F005)
1,1,1 -Trichloroethane (FOOl or F002)
Trichloroethylene (FOOl or F002)
1,1 .2-Trichloro-

I ,2,2-Trifluoroethane (FOOl or F002)
Trichiorofluoromethane (FOG 1 or F002)

Xylenes—Total (F003)

* TCLP required if only one. two or three constituents are present.

B. CALIFORNIA LIST

1 Liquid hazardous wastes, including free liquids associated with any solid or sludge, containing the following metals (Or elements) or compounds of these metals (or
eIments) at concentrations greater than or equal to those specified below.

Instructions: Circle "YES" if the metals and/or compounds exceed the limits listed below.

(i) t*flArsenic and/or compounds (as As) 500 mg/I

ii) II Cadmium and/or compounds (as Cd) 100 mg/I

liii) t***Chromium and/or compounds (as Cr VI) 500 mg/i

(iv) *I$tLead and/or compounds (as Pb) 500 mg/i

YES

YES

YES

YES

(v) *Mercury and/or compounds (as Hg) 120 mg/I

(vi) Nickel and/or compounds (as Ni) 134 mg/I

(vii) LØ$fl$Selenium and/or compounds (as Se) 100 mg/I

(viii) Thallium and/or compounds (as TI) 130 mg/I

YES

YES

YES

2. Liquid hazardous wastes that are primarily water and contain halogenated organic compounds (HOC) in total concentration greater
than or equal to 1,000 mg/i and less than 10,000 mg/I HOC's

3. Liquid hazardous wastes that contain HOC's in total concentrations greater than or equal to 1,000 mg/I and are not already
restricted by (2) above 1268.32(a)(J)1.

"D" CHARACTERISTIC WASTE CODES (40 CFR 268.42, TECH)
DOOI — Ignitable Liquids, Wastewaters <1% TOC <1% TSS
DOOl — Ignitable Liquids, < 10% TOC
DOO1 — Ignitable Liquids. � 10% TOC

NOTICE! Signature and date required on the reverse side of this document.
Both sides must be supplied with shipping manifests.

YES

YES

YES

(4 inn(

3 EPA. Hazardous Waste Code(s):

1191303500

(Please list here all E.P.A. codes circled elsewhere on this form.j-

TREATMENT STANDARD
Wastewater Non-wa sterwater

Total Conc. (mg/I) Total Conc. (mg/kg)
0.089 33.0
0.280 36.0
0.140 33.0
0.014 16.0
0.056 5.6
0.080 28.0
0.054 5.6
0.054 5.6

0.057 28.0
0.020 33.0
0.320 28.0



0. MAXIMUM CONCENTRATION OF CONTAMINANTS FOR THE TOXICITY CHARACTERISTIC -, '1) I-.5.- ,

D004 Arsenic 5.0 mg/I DOl 1 Silver 5.0 mg/I D028 1,2 - Dichloroethane 0.5 mg/I
'105 Barium 100.0 mg/I D018 Benzene 0.5 mg/I D029 1,1 - Dichloroethylene 0.7 mg/I

36 Cadmium 1.0 mg/I DOl 9 Carbon Tetrachloride 0.5 mg/I D035 Methyl Ethyl Ketone 200 mg/I
0007 Chromium 5.0 mg/i D023 o-Cresol 200 mg/I D038 Pyridine 5.0 mg/I
0008 Lead 5.0 mg/i D024 m-Cresol 200 mg/I D039 Tetrachloroethylene 0.7 mg/I
D009 Mercury 0.20 mg/I D025 p—Cresol 200 mg/I 0040 Trichloroethylene 0.05 mg/I
0010 Selenium 1 .0 mg/I D026 Cresol 200 mg/I

(nonwastewaters conc. 5.7 mg/I)

0004-0011, 40 CFR 26841, CCWE & 40 CFR 268.43, CCW (D018-0040, not currently regulated urider-LDR)

E. U" LISTED WASTE CODES (40 CFR 268.42, TECH)

INSTRUCTIONS: Discarded Commercial Chemical and Off-Specification Products: Wastes listed in this section may be land disposed if it can be demonstrated
that no practical alternatives for treatment or recovery exist (SEE: 40 CFR 268.8). Circle any -U" codes listed below that apply.

Waste. Non-waste- Waste- Non-waste- Waste- Non-waste-
waters waters waters waters waters waters

Conc. Conc. Conc. Conc. Conc. Conc.

(mg/titer) (mglkgl (mg/titer) (mg/kg) (mg/titer) (mg/kg)

FIRST THIRD LIST SECOND THIRD LIST THIRD THIRD LIST

U019: Benzene 0.140 36.0 U002: Acetone 0.280 160.0 U052: Cresols (m-,p-) 0.770 3.2
I 1031: n-Butyl Alcohol 5.600 2.6 (Cresylic Acid) (0-) 0.110 5.6

.4: Chloroform 0.046 5.6 U057: Cyclohexanone 0.360 NA U056: Cyclohexane
U051: Creosote 0.031 1.5 U070: o-Dichlorobenzene 0.088 6.2 U071: m-Dichlorobenzene 0.036 6.2
U077: Ethylene Dichloride 0.210 7.2 Ui 10: Dipropylamine U072: p-Dichlorobenzene 0.090 6.2
U078: 1.1 -Dichloroethylene 0.025 33.0 Ui 40: Isobutyl Alcohol 5.600 170.0 U075: Dichlorodifluoromethane0230 7.2
U108: i,4-Dioxane 0.120 170.0 Ui61: Methyl Isobutyl Ketone 0.140 33.0 U079: i,2-Dichloroethylene 0.054 33.0
U124: Furart U165: Naphthalene 0.059 3.1 U088: Diethylphthalate 0.540 28.0
U154: Methyl alcohol 5.600 NA Ui69: Nitrobenzene 0.068 14.0 Ui 12: Ethyl Acetate 0.34 33.0

U'i59: ME K 0.280 36.0 Ui96: Pyridine 0.014 16.0 U117: Ethyl Ether 0.i2 160.0
U171: 2-Nitropropane U213: Tetrahydrofuran U123: Formic Acid
U188: Phenol 0.039 6.2 U239: Xylene 0.32 28.0 Ui25: Furfural
U211: Carbon Tetrachloride 0.057 5.6 U191: 2 Picoline
U220: Toluene 0.080 28.0 U20i: Resorcinol

-45 ,;" /S-
SIGNATURE DATE

(1/93)



172333

DOT DESCRIPTIONS

(RQ) Waste Alcohols, n.o.s. 3, UN1987, PG I ERG 26
PG II
PG III

(RQ) Waste Asphalt, 3, NA1999, PG III ERG 27

RQ) Waste Combustible liquid, n.o.s., combustible liquid, ERG 27
HA1993, PG III

(RQ) Waste Compounds, cleaning liquid, 3, NA 1993, PG I ERG 27
PG II
PG 111

(RQ) Waste Dichloromethane, 6.1, UN1593, PG ERG 74

(Re) Waste Extracts, aromatic, liquid 3, 1.011169, PG ] ERG 26

PG III

(RQ) Waste Flammable liquids, n.o.s. 3, UN1993, PG I ERG 27

PG II

PG III

(Ru) Waste Flammable solids, ri.o.s. 4.1, LJN1325, P.C ERG 32
PG III

(RQ) Waste Fuel, aviation, turbine engine, 3, UN1863, PG I ERG 27

PG II

(RQ) Waste Fuel oil, 3, NA1993, PG III ERG 27

(RQ) Hazardous waste, liquid, n.o.s. 9, NA3082, PG III ERG 31

OR

Environmentally hazardous substances, liquid, n.o.s. ERG 31
9, UN3082, PG III

(RQ> Hazardous waste, solid, n.o.s. 9, NA3077, PG III ERG 31

OR

Environmentally hazardous substances, aouid, n.o.s. 9, ERG 31
1.013077, PG iix



13 September 1993

To: N. Rritt
T. Donnette
1. Hall

From: J. Morrison
RE: Manifests

With the new HN-181 manifest descriptions taking effect
Oct. 1, we anticipate that Tad and Tim will have to fill
out more than their fair share of manifests.

Tad and Tim, Tony has requested that you carry extra
manifests with you, at least until the end of the year. If
you find that a customer is not using the new descriptions
when you arrive for a pickup, please call Cheryl for
assistance. I will provide you with a 'cheat sheet' of the
most common waste descriptions which Heat, Inc. will be
using. This sheet will give you some idea of what the new
descriptions will look like. There are two major changes
to look for: 'classes' will be denoted by numbers and
packaging groups will be denoted by PG I, PG II and PG III.
Please, do not attempt to fill out the manifests without
the benefit of Customer Service.

Thank you.

cc: D. Bagrier
T. Clark
C. Woodham

i239O
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Ink, printer's, flammable, 3, UNI2IØ, PG II
PG III

Naphtha, petroleum, 3, UN1255, PG I
PG II

Naphtha, solvent, 3, UN1256, PG II
PG III

Paint driers, paint or varnish, 3, UN1263,P6 II
PG III

Petroleum distil.lates, n.o.s. 3, UN1268, PG I
PG II
PG III

Class 3 - PG I - )140F
PG II - (73F
PG III - )73F and <140F

Class 4.1 - PG II burning rate >2.2 mm/s and the flame
passes vetted zone
PG III burning rate >2.2 mm/s and the vetted
zone Btops the flame

The R value is dependent upon the predominant EPA waste
code number.

(RQ)

(RQ)

(RQ)

(RQ)

(RQ)

Waste

Waste

Waste

Waste

Waste

ERG 26

ERG 27

ERG 27

ERG 26

ERG 27

(RQ) Waste Petroleum oil, 3, UN1270, PG I ERG 27
PG II
PG III

(RQ) Waste Tars, liquid, 3, UN1999, PG II
ERG 27

PG III

(RQ) Waste Tetrachloroethylene, 6.1, UN1897, PG ] ERG 74

(RQ) Waste 1,1,1-Trjchloroethane, 6.1, UN2831, PG III ERG 74

(RO) Waste Trichloroethylene, 6.1, UN1710, PG III ERG 74



APPENDIX G

Safety, Health, and Emergency Response Plan (SHERP)
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SAFETY, HEALTH, AND EMERGENCY RESPONSE PLAN
(SHERP)

PHASE II
GROUNDWATER SAMPLING, SUBSURFACE SOIL DELINEATION, &

MONITOR/EXTRACTION WELL INSTALLATION

FOR

US AIR FORCE PLANT NO. 4
FORT WORTH, TEXAS

Prepared for:

Department of the Army
Fort Worth District Corps of Engineers

Fort Worth, Texas 76102-0300

Contract # DACA63-91-D-0061
Modification to Delivery Order #0052

Prepared by:

S
Geo-Marine, Inc.

550 East 15th Street
Piano, Texas 75074

(214) 423-5480

July 1993
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1.0 FIELD ACTIVITIES

The Phase II Groundwater Sampling, Subsurface Soil Delineation, and Monitor/Extraction Well
Installation field program at U.S. Air Force Plant No. 4 will include the following elements:

Locate approximately 140 client-determined groundwater sampling locations

Locate approximately five client-determined soil sample borehole locations

Accurately plot all sampling locations on base map

Check all sampling sites for surface obstructions, underground utilities and other
structures with assistance of appropriate private utility and government personnel

Sample groundwater using truck-mounted penetrometer sampler for solvent and petroleum
analyses

Drill boreholes through soil to bedrock and sample groundwater for solvent and
petroleum analyses

Drill and develop extraction/monitor wells as required by the client and sample the
groundwater

Analyze all groundwater samples on site using method 8021 in a mobile laboratory for
client-specified compounds

Describe subsurface soil colunm at all sample stations using either visual soil descriptions
(borehole locations) or electronic (t1piezocone') profiles which have been calibrated with
an actual, described soil column (penetrometer locations)

Pressure grout all penetrometer holes and boreholes to the surface and repair surface to
pre-investigation condition

Decontaminate all subsurface penetrometer, drilling, and sampling equipment between
each station

Drum all decontamination liquids and all drilling soil cuttings and fluids for future
analyses as needed for proper disposal

Monitor breathing space air with HNu at each sample location for elevated levels of
organic vapors

Monitor drilling operations with explosimeter for possible explosive atmosphere

2
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2.0 RESOURCES

Reference documents used in the development of this Safety, Health, and Emergency Response
Plan (SHERP) include:

OSHA regulations in 29 CFR 1910

US Army Corps of Engineers Safety and Health Requirements Manual EM 385-1-1

Geo-Marine, Inc. Corporate Safety Manual

NIOSH Pocket Guide to Chemical Hazards (1990)

Chemical Hazards of the Workplace by Proctor, Hughes, & Fischman (1989)

Merck Index: an Encyclopedia of Chemicals, Drugs, and Biologicals (1989)

NIOSH Guidance Manual for Hazardous Waste Sites (1985)

3



3.0 KEY PERSONNEL 1?233

Geo-Marine, Inc. (GM!) and subcontract personnel responsible for the safe completion of this
project include:

GM! Corporate Safety Committee Chair - Mary Alice Garza

GM! Project Manager - Lyle Winnette

GM! Field Supervisor - Louise Delano

GM! Sampler - Tony Mills

GM! Site Safety Officer - Tony Mills

GM! Driller - Hubert Thompson

GM! Driller's Helper - Bruce Moring

GM! Decon Technician - Lambert Lewis

Laboratory Subcontractor Supervisor - not available

Laboratory Subcontractor Technician - riot available

Penetrometer Equipment Subcontractor Supervisor - not available

Penetrometer Equipment Subcontractor Operator - not available

3.1 Corporate Safety Committee Chair/Project Manager

The GMI Corporate Safety Committee Chair and Project Manager will have the ultimate
responsibility for implementation of all parts of the SHERP and to make certain that all applicable
federal, state, and local safety regulations and guidelines are followed.

3.2 Field Supervisor

The Fie'd Supervisor will observe field activities of GM! and subcontractor personnel to insure
that safety and health procedures outlined in this SHERP are followed. The Field Supervisor will
assure that daily calibration of the HNu, measuring of background ambient air for organic vapors,
and recording of such data be done in the vicinity of each penetrometer or drilling site. The
Field Supervisor will also assure that an explosimeter is used at each drilling site to monitor for
explosive atmosphere. The meter will be periodically checked during operations.

4
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3.3 Site Safety Officer

The Site Safety Officer will oversee all field procedures to check that SHERP guidelines are
followed. The Site Safety Officer has the authority to invoke disciplinary action in the event any
stipulations of the SHERP are willfully ignored and to suspend field activity for safety and/or
health reasons. Specifically, the responsibilities of the Site Safety Officer include:

organizing the field sampling area so that support facilities are in uncontaminated areas

introducing the field operations to the local emergency response/accident personnel

overseeing appropriate use and care of personal protective equipment (PPE)

monitoring external physical conditions, especially temperature, wind strength and
direction, and potential for electrical storms

running site safety meetings as needed (Site Safety Review form attached)

responsibility for all verbal and written notification of the COE in the event of any
emergencies, accidents, or injuries

3.4 Field Sampler

The Field Sampler will make certain that the appropriate PPE is worn and used and that the
samples are collected with decontaminated equipment using procedures which minimize the
potential of exposure via either respiration or eye/skin contact. The Field Sampler will also
monitor organic vapor levels in breathing air space and check for explosive atmosphere whenever
one or both of these tasks are delegated to him.

3.5 Subcontractor Penetrometer Supervisor and Equipment Operator

Subcontractor personnel will operate the sampler in a safe manner and will insure that the
appropriate PPE is worn and used and that proper decontamination procedures are carried out.
They will insure that each sampling site is left clean and undisturbed.

3.6 Subcontractor Laboratory Technician and Supervisor

Subcontractor personnel will operate the mobile lab equipment in a safe manner and will wear
and use appropriate PPE. They will insure that all required analytic methodology and QAIQC
procedures are used and documented.

5



3.7 Driller and Technicians

Each member of the drilling crew will exercise care at all times around the drilling rig and
associated equipment. Protective head gear and foot gear will be worn at all times, and
appropriate PPE will be readily available to be used when necessary. Decontamination, using
approved methods and materials, will be done at a client-designated location for all sampling-
related equipment between each location.

3.8 Field Team

Each member of the field team individually has the responsibility to read, understand, and follow
each section of this SHERP. Each team member will attend all site safety meetings called by the
Site Safety Officer and will acknowledge his authority to upgrade PPE or to evacuate the site in
the event of emergency health or safety situations. Any unsafe work practices will be reported
to the Site Safety Officer immediately.

6
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4.0 PERSONAL PROTECTIVE EQUIPMENT

The appropriate level of PPE for this project will be either level C or level D. The determinant
will be the concentration of airborne organic vapors measured in the atmosphere in the sampling
location area.

4.1 Level D PPE

Level D protection includes long sleeve shirt and trousers, hard hat, steel-toed boots, and gloves.
When splashing is likely, boots and gloves should be made of rubber and clothes and skin
protected with liquid-resistant coveralls like tyveks. Goggles or safety glasses will be available
on site for eye protection.

4.2 Level C PPE

Level C protection includes all the elements of level D plus the addition of an air purifying
respirator with the appropriate chemical cartridges, either half or full face. Air purifying
respirators for all crew members will be readily available on site at all times.

5.0 DOCUMENTS

The GMI Project Manager will maintain safety and health records on file which document the
following for each team member:

(a) annual occupational health examination with physician clearance to wear a respirator

(b) OSHA-approved 40-hour hazardous material handling course or 8-hour refresher within
the last 12 months

(c) successful respirator fit-testing rerformed

In addition, one member of the GMI team has current certification as an OSHA Supervisor

Copies of OSHA certifications for the GMI team are attached. Other related documents are
available for review on request.

7



GEO-MARINE, INC.
SITE SAFETY PLAN

GENERAL INFORMATION

PROJECT TITLE/NUMBER: Phase II - Groundwater Survey at U.S. Air Force Plant No. 4

PROJECT MANAGER: Lyle Winnette

PROJECT LOCATION(S): Fort Worth. Texas

PLAN PREPARED BY: Louise Delano and Tony Mills DATE: July 14. 1993

PLAN APPROVED BY: Lyle Winnette DATE: July 15. 1993

PLAN REVIEWED BY SITE SAFETY OFFICER: Tony Mills DATE: July 16. 1993

SCOPE/OBJECTWE OF WORK: Sample groundwater at 140 client-determined penetrometer

sites and at 5 client-determined soil boring sites for analysis for TCE. BTEX. and other organic

compounds. in order to establish boundaries of plume(s) of affected water. Based on results.

drill, install, and sample up to 20 monitor and/or extraction wells as client directs.

PROPOSED DATES OF FIELD ACTIVITIES: July 26 - August 20. 1993 - Phase II

SUMMARY:

Overall Chemical Hazard: low [ ] moderate [X I serious [ ] unknown [ I

Overall Physical Hazard: low JI ] moderate [XI serious [ ) unknown [ I

8
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GEO-MARINE, INC.
SITE SAFETY PLAN

SITE/WASTE CHARACTERISTICS

WASTE TYPE(S):

gas/vapor [ j liquid [X] sludge [ I solid [XI

CHARACTERISTICS:

flammable! [ ] volatile [X] corrosive [ ] acutely [ I
ignitable toxic

explosive [ I reactive [ ] carcinogen [ ] radioactive [ II

other:

PHYSICAL HAZARDS:

overhead [X] confmed space [ ] below grade [ I trip/fall [X]

puncture [ ] burn [] cut [ I splash [X ]

noise [ ] other:_______________________________________________________

BRIEF SITE HISTORY/DESCRIPTION, INCLUDING UNUSUAL FEATURES (see Scope of
Work for details):

A confirmed plume of TCE has been migrating across the base from multiple sources presumed

to include Plant #4 (Lockheed. formerly General Dynamics) and a drum storage area adjacent

to the west side of the golf course. One or more jet fuel releases may also have affected local

groundwater.

LOCATIONS OF CHEMICALS/WASTES: extent of plume(s) not yet delineated

ESTIMATED VOLUMES(S) OF CHEMICAL/WASTES: volume(s) of chemicals unknown

Site currently in operation yes [X ] no [ I

9



HAZARD EVALUATION

GEO-MAR1NE, INC.
SITE SAFETY PLAN

List hazard by task (i.e. drilling,
hazard(s) and evaluation (s):

sampling, etc.); number tasks; assign physical and chemical

NO. TASK
CHEMICAL HAZARD!
EVALUATION

PHYSICAL HAZARD!
EVALUATION

1 air monitoring
2 "punching" holes

drilling holes
4 rn11tino mn1

fumes/slight
fumes/slight
fiim/c1ioht

HAZARD CONTROL

Task-associated chemical hazards on the site include fumes and possible splashing by
contaminated water. The possibility of either occurring is considered slight. Splashing can be
prevented or mitigated by watchfulness, care, and the appropriate use of PPE. Fume
accumulation is unlikely in the open air setting of the sampling locations; however, the consistent
and regular use of an air monitor will detect any above-background levels of organic vapors so
that chemical respirators can be put on and/or the site evacuated if needed.

Task-associated physical hazards on the site include injury from heavy equipment, back injury
from improper lifting, and season-related heat stress. All are considered preventable. Potential

10

none/none
heavy equipment usage/slight
hevv i-iiiinmnt

5 well development splashing/slight minor/slight
6 equipment decon splashing/slight steam burn/slight
7 sample analyses splashing/slight none/none
8 drum contents sampling splashing/slight drum moving/slight to none

Completed Hazard Evaluation forms attached for each major known contaminant?

yes[X] no[ I

If not, why?



1?2O4
for injury from heavy equipment can be minimized by attentiveness to proper procedures. Injury
from lifting or carrying can be minimized by sensible practices (including wearing a safety belt)
and the appropriate use of transporting equipment such as a dolly for drums and drill stem. To
minimize the possibility of heat stress, the Site Safety Officer will monitor temperature and heat
index. Fluids will be available on site at all times and rest breaks will be taken as deemed
appropriate by the Site Safety Officer.

11



GEO-MARINE, INC.
SITE SAFETY PLAN

1?24

SITE SAFETY WORK PLAN

SITE CONTROL: site maps are attached

perimeter identified [X]

contaminated area(s) [ ]
(not yet delineated)

work area(s) identified [X]
(by sample points pending utility clearance)

decontamination station(s) [ }
(will be located near site)

ANTICIPATED LEVEL OF PROTECTION TO BE USED:
(cross-reference with task numbers from Hazard Evaluation section):

Task No. Anticipated Protection Level*

1 level D

2 level D

3 level D

4 level D

5 level D

6 level D

7 level D

8 level D

* with capability to go immediately to level C if conditions (as described on the following page)
warrant

NOTES:

1.) Anticipated amounts and contamination levels of hazardous materials will not require the
specific designation of site control zones.

2.) All sampling procedures will be performed outdoors in an open air setting on level
ground. Confined space and/or below ground situations will not be encountered.

12
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GEO-MARINE, INC.
SITE SAFETY PLAN

SITE SAFETY WORK PLAN (cont.)

ACTION LEVELS FOR

(I.) UPGRADE TO LEVEL C PPE, INCLUDING USE OF CHEMICAL RESPIRATOR:
(II.) EVACUATION OF WORK ZONE FOR REASSESSMENT OF CONDITIONS:

I. If field team members are operating in level D PPE and organic vapors are 5 ppm or
more above local background, they will either upgrade to level C PPE, including APRs
with chemical cartridges, or evacuate the site at the discretion of the Site Safety Officer.

II. If field team members are operating in either level D or level C PPE and organic vapors
exceed 1,000 ppm above local background, they will immediately evacuate the site
following instructions from the Site Safety Officer.

Air monitoring to determine background levels and to check for the below listed organic vapor
action levels and explosive limits will be performed at each sample location using an HNu and
an explosimeter. Both machines will be calibrated daily using accepted calibration procedures
and checked frequently during the day.

Samples of the two air monitoring forms are attached; complete monitoring records will be
maintained on site throughout the project.

The HNu does not identify compounds; therefore, it will be assumed that readings above local
background result from contaminant vapors. The numbers used below represent the worst case
scenario, i.e., they are consistent with guidelines for benzene and vinyl chloride, the two most
hazardous substance which might be encountered during this project.

Level D: 02 <19.5% or >25%
explosive atmosphere 10% to 25 % LEL
organic vapors 0 to 1 ppm
particulates > — mg/rn NOT APPLICABLE
other _______________

Level C: 02 <19.5% or >25%
explosive atmosphere >25 % LEL
unknown organic vapor 1 to 5 ppm
particulates > — mg/rn NOT APPLICABLE
other ______________

13
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GEO-MARINE, INC.
SITE SAFETY PLAN

SITE SAFETY WORK PLAN (coin.)

DECONTAMINATION SOLUTIONS & PROCEDURES:

All cone-penetrometer. drilling, and sampling equipment will be decontaminated between sample

locations at a decon station picked by the client. Large equipment will be steam-cleaned with

hot water and non-phosphate, non-volatile cleaner. Hand-sampling equipment will be

inated by hand, using the same cleaner. All equipment will be rinsed thoroughly. and the

plers will have distilled water final rinse.

PERSONNEL DECON PROTOCOL:

All disposable PPE will be decontaminated and disposed of as "clean trash's. Goggles, outer

gloves, and APR (if needed) will be cleaned with appropriate cleaners/sanitizers for reuse.

WORK LIMITATIONS (TIME OF DAY, WEATHER, ETC.):

Work limitations include: weekdays 8 A.M. to 5 P.M. (set by client), electrical storms

ing shut-down), and heat stress. To reduce incidence of heat stress induced by temperature.

quent breaks will be taken and adequate fluids will be available at all atimes for consumption.

14
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DISPOSAL OF INVESTIGATION-DERIVED MATERIALS (DECON WASTE, CUTTINGS,

ETC.):

All investigation-derived waste materials, including but not limited to: (1) sampled water not

retained for analyses. (2) drill cuttings. (3) groundwater encountered during drilling, and (4)

decon waste water, will be contained on site in a client-designated location in sealed 55-gallon

drums, until analytic results indicate proper mode and location of treatment and/or disposal.

SAMPLE HANDLING PROCEDURES (INCLUDING PPE):

Samples will be collected, handled, and analyzed by personnel wearing protective coveralls and

latex surgical gloves if appropriate. Samples will be handled with care, kept on ice, and

a timely fashion.

15
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GEO-MARINE, INC.
SITE SAFETY PLAN

EMERGENCY INFORMATION

LOCAL RESOURCES
PHONE NUMBERS/NAMES OF INDIVIDUALS/ADDRESSES AS APPLICABLE:

Ambulance: 911

Hospital Emergency Room: 882-3333
(map with route to hospital is attached)

Poison Control Center: 1-800-441-0040

Police (local, county, state): 911 (emergency) 335-4222 (non-emergency)

Fire Department: 911 (emergency) 332-2131 (non-emergency)

Airport: Meacham Airport 624-1127

Regulatory Agency Contact (EPA, TWC, etc.): EPA 214-655-6444 TWC (district) 214-298-6171

QA/QC Laboratory: US Army Corps of Engineers Southwestern Division Laboratory. 4815 Cass

St.. Dallas. TX 75235-8011 CONTACT: Steven Brooks at 905-9130

Client Contact: Randy Niebuhr (817) 334-3223

SITE RESOURCES
PHONE NUMBERS/NAMES OF INDIVIDUALS/ADDRESSES AS APPLICABLE

Site Contact: (817) 782-5000 (Carswell switchboard)

Site Emergency Contact: Bobby Hernandez (Environmental) 782-6264 Secretary 782-6207

Water Supply Source: available on site

Local Telephone Number (Base Utilites, etc.)/Location: Allan Flolo/Air Force Base Disposal

Agency (817) 782-6304

16
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GEO-MARINE INC.
HAZARDOUS COMMUMCATION PROGRAM

PROJECT NAME: Phase II - Groundwater Survey, US Air Force Plant No. 4, Fort Worth,
Texas

PROJECT LOCATION: Carswell Air Force Base, Fort Worth, Texas

PROJECT NUMBER: 1161-052

DATE(S): July 26, 1993

This written hazardous communication program follows the requirements specified in 29 CFR
1910.1200 (OSHA) and includes the following components:

I. proper labelling of all containers of hazardous chemicals which includes accurate
identification of contents, appropriate hazard warnings, and complete name and
address of manufacturer

II. complete and readily available list of all chemicals present on site

III. readily available material safety data sheets (MSDS) for all chemicals either used
or produced at the site

IV. employee training which includes:

detection methods for hazardous chemicals

monitoring methods for hazardous chemicals

emergency procedures in the event of a release

safe work habits

types of personal protective equipment (PPE) and the
appropriate usage of PPE

17
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Are all containers of hazardous chemicals on site properly labelled?

yes no not applicable/reason

II. Is there a complete list of all hazardous chemicals on site readily available?
yes no not applicable/reason

III. Are there MSDS sheets readily available for all hazardous chemicals used or produced
on site?

no not applicable/reason

IV. Employee Training:

OSHA 4 Hour Training?
yes no not applicable/reason

iu4 / €/cS
Other trammg? (specify) , mA75V$RAH4)
What hazardous chemical detection method(s) are used on site?
Mobile lab will analyze all samples for halogenated hydrocarbons and for petroleum
hydrocarbons using method 8021

What hazardous chemical monitoring method(s) are used on site?
HNu will be used for monitoring air space at each sample location
Explosimeter will be used to check for explosive atmosphere at each drilling site

What emergency procedures are in place in the event of a release?
Emergency Phone Numbers:

fire: 911 police: 911 ambulance: 911

Route to nearest hospital (map is attached):
Roaring Spring Rd. southeast from base to 1-30. East on 1-30 to Summit exit.
South on Summit to Pennsylvania. East one block to Harris Methodist Hospital
at 1301 Pennsylvania Ave.

What level of PPE is used at the site? (include specifics of clothing and equipment):

Level D ,with hardhats, steel-toes boots, safety goggles, and latex gloves.
Rubber boots, rain suits, and impervious coveralls will be available.
APR with organic vapor cartridges will be available in case action level exceeded.

Printed name of person completing form: Ti'./y (2. /1'l Title: csT
Signature: .

Date: ____________________

18



ATTACHMENTS

Site Safety Review Form
GM! Employee OSHA Certifications

Hazard Evaluation Forms
Site Maps

Air Monitoring Forms
Route Map to Hospital

Equipment List
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GEO-MARINE INC.

HAZARDOUS & TOXIC MATERIALS PLAN
SITE SAFETY REVIEW

PROJECT NAME: Phase II - Groundwater Survey. Carswell AFB PROJECT NUMBER: 1161-052

Site Location: Carswell Air Force Base. Fort Worth. Texas

Date: ________________ Time: ______________Location of review: ___________

GMI Representative(s):

Client Representative(s):

Meeting Conducted by:

Meeting Objective(s):

Chemicals Anticipated: TCE and BTEX

Other Hazardous Substance(s) and/or Condition(s) Anticipated:

TOPICS DISCUSSED:

Physical Hazards
Chemical Hazards _______
Radiation Hazards ______
Personal Protective Clothing/Equipment
Emergency Procedures _________

Specific Individual Responsibilities
Decontamination Procedures ________

Special Site Considerations __________

Checklist

Emergency information reviewed by ALL team members? —
Route to nearest hospital known by ALL team members? —
Site safety plan on. site and readily available to ALL team members?

Copy(ies) of appropriate licensing/certification available? —

Signatures of those present:
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MayhewEnvironmentalTrainingAs sociates
CertificaLe Nwnbcr Accreditation Expires
7ME070293002HM 07j02/94
Soc. Sec. #530-48-1550

This is to cert'y that

Hubert S. Thompson Jr.
has successfully completed

S hours of annual recercfl cation training iz

Hazardous Waste Operations & Emergency Response

in accordance with OSJM29 CFR 1910.120
July 2. 1993 in Dallas. Texas

ConductcdBy and passed the associated exaininadon.c-441-800-444-6382 //
FurfWIhT 1flfOIUC*1 CXW. PIIJY Riir T. Bradford Mayhew, Presidrt



THE STATE OF TEXAS

THIS IS TO CERTIFY THAT

HUBERT SHARP ThOMPSON, JR.

HAVING GIVEN SATISFACTORY EVIDENCE OF QUALIFICATIONS REQUIRED
BY THE TEXAS WATER WELL DRILLERS ACT. ARTICLE 7621e, VERNON'S
TEXAS CIVIL STATUTES. IS GRANTED THIS

LICENSE
AND IS HEREBY AUTHORIZED TO PRACTICE AS A

WATER WELL DRILLER
SO LONG AS THIS LICENSE IS NOT REVOKED AND IS RENEWED ACCORDING TO LAW

172428

2413

IN WITNESS WHEREOF,

THE TEXAS WATER WELL DRILLERS BOARD

HAS AFFIXED ITS HAND AND THE SEAL OF
THE BOARD THIS 12th DAY OF March, 1984

BY
)x

an
LICENSE
NUMBER
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GEO-MARINE INC.

HAZARD EVALUATION OF CHEMICALS

Project Number/Name: 1161-052/Groundwater Survey at USAF Plant #4, Fort Worth, Texas

Chemical Name: Trichioroethene DOT Name/UN Number: UNI71O CAS Number: 79-01-6

References Consulted: (circle):

NJOSH/OSHA Pocket Guide Verschueren Merck Hazardiine Chris ACGIH

Toxic & Hazardous Safety Manual Other___________________________________________________

Chemical Properties:

Chemical Formula: CHCI=CCI2 Odor Characteristic: chloroform-like LEL: 8% UEL: 10.5%

Molecular Weight: 131.4 Physical State: liquid Solubility (Water): non-soluble Boiling Point: 189°F.
(0.1% 77°F.)

Flash Point: 90°F. Freezing Point: -99°F. Specific Gravity: 1.46 Vapor Pressure/Density: 58 mm.

Incompatibilities: strong caustics, chemically active metals, e.g. Na, Be, Li, Mg, Ti, & Ba

Biological Propei-ties

TLV-TWA: 25 ppm (NIOSH) PEL: 50 ppm STEL: 200 ppm Odor/Odor Threshold:

IDLH: Human: 1000 ppm Aquatic: Rat/Mouse: LD50 4.92 mI/kg
LC = 8000 ppm

Route(s) of Exposure: inhalation, ingestion, skin/eye contact

Carcinogen: suspected Teratogen: Mutagen:

Handling Recommendations (including personal protective clothing, equipment, & measures):
use goggles and impervious clothing if possibility of splashing
use respirators if strong fumes identified

Monitoring Recommendations: area air monitoring with OVA, IlNu: IP = 9.45 eV

Disposal/Waste Treatment:
Allow area of spill or leak to ventilate and remove ignition sources. Follow EPA, DOT, State and Local
disposal regulations.

Health Hazard & First Aid: irrigate eyes immediately if splashed; seek immediate medical attention if ingested;
wash skin with sap if splashed; remove to fresh air and administer resuscitation if necessary if overcome with
fumes.

Symptoms: Acute: vertigo, nausea, eye/skin irritation, cardiac arrhythmia
Chronic: target organs include respiratory system, heart, liver, kidneys, skin
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GEO-MARINE INC.

HAZARD EVALUATION OF CHEMICALS

Project Number/Name: 1161-052/Groundwater Survey at USAF Plant #4, Fort Worth, Texas

Chemical Name: Vinyl Chloride DOT Name/UN Number: Vinyl ChloridefUNlOS6 CAS Number: 75-01-4

References Consulted: (circle):

NIOSH/OSHA Pocket Guide Verschueren Merck Hazardline Chris ACGIH

Toxic & Hazardous Safety Manual Other 29 CFR 1910.1017

Chemical Properties:

Chemical Formula: CH2=CHCI Odor Characteristic: pleasant at high cone. Flammable Limits:

Molecular Weight: 62.5 Physical State: Gas/Liquid Solubility (Water): 0.01% Boiling Point: 7° F

Flash Point: -112°F Freezing Point: -256°F Specific Gravity: 0.9 Vapor Pressure/Density: > 1 atm.

Incompatibilities: Copper, oxidizers, aluminum, peroxides, iron, steel LEL: 3.6% UEL: 33%

Biological Properties:

TLV-TWA: 0.5 ppm PEL: 1 ppm STEL: S ppm Odor/Odor Threshold:

IDLH: Human: Carcinogen Aquatic: Rat/Mouse:

Route(s) of Exposure: Inhalation.

Carcinogen: confirmed in humans Teratogen: Mutagen:

Handling Recommendations (including personal protective clothing, equipment, & measures):
At 2 ppm above background use APR with OV cartridges; above 10 ppm use gas mask APR or full face
powered APR; above 25 ppm use supplied air respirator; above 100 ppm use SCBA. Remove or control
ignition sources. Keep fire extinguisher available. Keep containers in a well ventilated area.

Monitoring Recommendations: HNu, GC/FID, OVA, Drager tube for Vinyl Chloride IF = 9.99 eV

DisposalfWaste Treatment:
Allow ventilation in area of leak and remove ignition sources. Follow EPA, DOT, State and Local disposal
regulations.

Health Hazard & First Aid:
Flammable Gas. If inhaled, give respiratory support. Skin contact can result in frostbite. Get medical
attention immediately. Narcotic in high concentrations.

Symptoms: Acute: Weakness; abdominal pain
Chronic: GI bleeding; heptomegaly; pallor or cyan of extremities
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GEO-MARINE INC.

HAZARD EVALUATION OF CHEMICALS

Project Number/Name: 1161-052/Groundwater Survey at USAF Plant #4, Fort Worth, Texas

Chemical Name: lBenzene DOT Name/UN Number: Benzene/UNIII4 CAS Number: 71-43-2

References Consulted: (circle):

NIOSH/OSHA Pocket Guide Verschueren Merck Hazardline Chris ACGIH

Toxic & Hazardous Safety Manual Other 29 CFR 11910.1028

Chemical Properties:

Chemical Formula: C6H6 Odor Characteristic: pleasant, sweet, aromatic LEL: 1.3% UEL: 7.9%

Molecular Weight: 78 Physical State: Liquid Solubility (Water): 0.07% Boiling Point: 176°F

Flash Point: 12°F Freezing Point: 42°F Specific Gravity: 0.879 Vapor Pressure/Density: 75 mm Hg12.7

Incompatibilities: Strong oxidizers, many fluorides & perchiorates, nitric acid

Biolo_gical Properties:

TLV-TWA: 0.5 ppm PEL: 1 ppm STEL: 5 ppm Odor/Odor Threshold:

IDLH: Human: 2000 ppm Aquatic: Rat/Mouse: LD,0 orally = 3.8 mI/kg

Route(s) of Exposure: Inhalation, ingestion, dermal contact, eye contact.

Carcinogen: suspected in humans Teratogen: Mutagen:

Handling Recommendations (including personal protective clothing, equipment, & measures):
At 2 ppm above background to 10 ppm, use half mask with OV cartridges; above 10 ppm use full-face APR.
Above 50 ppm use PAPR (powered APR); above 100 ppm use supplied air positive pressure air respirator;
above 1000 ppm use SCBA. Remove or control ignition sources. Keep fire extinguisher available. Keep
containers in a well ventilated area.

Monitoring Recommendations: IlNu, GC/FID, OVA, Drager tube for Benzene IP 9.24 eV

Disposal/Waste Treatment: Keep area ventilated near spill or leak, and remove ignition sources. Follow EPA,
DOT, State and Local disposal regulations.

Health Hazard & First Aid:
Highly Flammable Liquid. Immediately wash with water if eye contact. Use soap and water when skin
contact has occurred. If inhaled, move person to fresh air. Use mouth to mouth resuscitation if person has
stopped breathing. Get medical attention immediately if swallowed; do not induce vomiting.

Symptoms: Acute: Due to ingestion and inhalation: dizziness, staggering gait, nausea,
headaches, restlessness, convulsions, euphoria, pulmonary edema.

Chronic: Fatigue, nervousness, red skin, leukemia, bone marrow depression.
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GEO-MARINE INC.

HAZARD EVALUATION OF CHEMICALS

Project Number/Name: 1161-052/Groundwater Survey at USAF Plant #4, Fort Worth, Texas

Chemical Name: Toluene DOT Name/UN Number: Toluene/UN1294 CAS Number: 108-88-3

References Consulted: (circle):

NIOSH/OSHA Pocket Guide Verschueren Merck Hazardline Chris ACGIH

Toxic & Hazardous Safety Manual Other __________________________________

Chemical Properties:

Chemical Formula: CH5CHJ Odor Characteristic: pungent, sweet, aromatic Flammable Limits:

Molecular Weight: 92.1 Physical State: Liquid Solubility (Water): 0.05% Boiling Point: 232°F

Flash Point: 40°F Freezing Point: -139°F Specific Gravity: 0.87 Vapor Pressure/Density: 20 mm Hg

Incompatibilities: Strong oxidizers LEL: 1.2% UEL: 7.1%

Biological Properties:

TLV-TWA: 100 ppm PEL: 100 ppm Ceiling: 150 ppm (REL) Odor/Odor Threshold:

IDLH: Human: 2000 ppm Aquatic: Rat/Mouse: LD50 orally = 7.53 g/kg

Route(s) of Exposure: Inhalation, ingestion, derinal contact, eye contact.

Carcinogen: Teratogen: Mutagen:

Handling Recommendations (including personal protective clothing, equipment, & measures):
Use APR with chemical cartridges above 1000 ppm Level C). Above 2000 ppm use SCBA or evacuate site.

Monitoring Recommendations:
HNu, GC/FID, OVA, Drager tube for Toluene
IP: 8.82 eV

Disposal/Waste Treatment:
Ventilate spill or leak and remove ignition sources. Follow EPA, DOT, State and Local disposal regulations.

Health Hazard & First Aid:
Flammable Liquid. Immediately wash with water if eye contact. Use soap and water when skin contact has
occurred. If inhaled, move person to fresh air. Use mouth to mouth resuscitation if person has stopped
breathing. Get medical attention immediately if swallowed; do not induce vomiting.

Symptoms: Acute: Fatigue, weakness, confusion, euphoria, dizziness, headaches, dilated pupils,
insomnia, nervousness

Chronic: Paresthesia, dermatitis, kidney or liver damage, anemia, bone marrow
depression.
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GEO-MARINE INC.

HAZARD EVALUATION OF CHEMICALS

Project Number/Name: 1161-052/Groundwater Survey at USAF Plant #4, Fort Worth, Texas

Chemical Name: Ethylbenzene DOT Name/UN Number: EthylbenzenefUNll75 CAS Number: 100-414

References Consulted: (circle):

NIOSH/OSHA Pocket Guide Verschueren Merck Hazardline Chris ACGIH

Toxic & Hazardous Safety Manual Other Firefighter's Hazardous Materials Reference Book

Chemical Properties:

Chemical Formula: C2H5CH5 Odor Characteristic: aromatic Flammable Limits:

Molecular Weight: 106.2 Physical State: Liquid Solubility (Water): 0.01% Boiling Point: 277°F

Flash Point: 55° - 64°F Freezing Point: -139°F Specific Gravity: 0.87 Vapor Pressure/Density: 10 mm 79°F

Incompatibilities: Strong oxidizers LEL: 1.0% UEL: 6.7%

Biological Properties:

TLV-TWA: 100 ppm PEL: 100 ppm STEL: 125 ppm Odor/Odor Threshold:

IDLH: Human: 2000 ppm Aquatic: Rat/Mouse: LD50 orally = 5.46 g/kg

Route(s) of Exposure: Inhalation, ingestion, dermal contact, eye contact.

Carcinogen: Teratogen: Mutagen:

Handling Recommendations (including personal protective clothing, equipment, & measures):
Use APR with chemical cartridges above 1000 ppm (Level C). Above 2000 ppm use SCBA or evacuate site.
Remove or control ignition sources. Keep fire extinguisher available. Keep containers in a well ventilated
area.

Monitoring Recommendations: HNu, GC/FID, OVA, Drager tube for Ethylbenzene
IP = 8.76 eV

Disposal/Waste Treatment:
Ventilate spill or' leak and remove ignition sources. Follow EPA, DOT, State and Local disposal regulations.

Health Hazard & First Aid:
Flammable Liquid. Immediately wash with water if eye contact. Use soap and water when skin contact has
occurred. If inhaled, move victim to fresh air. Use CPR if person has stopped breathing. If breathing is
difficult administer oxygen. Get medical attention immediately if swallowed; do not induce vomiting.

Symptoms: Acute: Irritation of skin, eyes, nose, mucous membranes, and in high
concentraions, narcotic.

Chronic: Skin contact may cause erythema and skin inflammation.



GEO-MARINE INC.

HAZARD EVALUATION OF CHEMICALS

Project NumberfName: 1161-052/Groundwater Survey at USAF Plant #4, Fort Worth, Texas

Chemical Name: Xylene DOT Name/UN Number: Xylene/UN1307 CAS Number: 1330-20-7

References Consulted: (circle):

NIOSH/OSHA Pocket Guide Verschueren Merck Hazardline Chris ACGIH

Toxic & Hazardous Safety Manual Other Fireflhter's Hazardous Materials Reference Book

Chemical Properties:

Chemical Formula: C,114(CH3)2 Odor Characteristic: sweet, aromatic Flammable Limits:

Molecular Weight: 106.2 Physical State: Liquid Solubility (Water): insoluble Boiling Point: 269° -292°F

Flash Point: 630 to 90°F Freezing Point: 540 to 56°F Specific Gravity: 0.87 Vapor Pressure/Density: 9 mm

Incompatibilities: Strong oxidizers, hypochiorite bleaches LEL: 1.1% UEL: 7.0%

Biological Properties:

TLV-TWA: 100 ppm PEL: 100 ppm STEL: 150 ppm Odor/Odor Threshold:

IDLH: Human: 1000 ppm Aquatic: Rat/Mouse: LD50 orally = 7.71 mI/kg

Route(s) of Exposure: Inhalation, ingestion, derrnal contact, eye contact, skin absorption.

Carcinogen: Teratogen: Mutagen:

Handling Recommendations (including personal protective clothing, equipment, & measures):
Use APR with chemical cartridges above 1000 ppm (Level C). Above 2000 ppm use SCBA or evacuate site.
Remove or control ignition sources. Keep tire extinguisher available. Keep containers in a well ventilated
area.

Monitoring Recommendations: HINu, GC/FID, OVA, Drager tube for Xylene IP 8.44 to 8.56 eV

Disposal/Waste Treatment:
Ventilate spill or leak and remove ignition sources. Incinerate in an absorbed sand. Follow EPA, DOT, State
and Local disposal regulations.

Health Hazard & First Aid:
Flammable Liquid. Immediately wash with water if eye contact. Use soap and water when skin contact has
occurred. If inhaled, move victim to fresh air. Use CPR if person has stopped breathing. If breathing is
difficult administer oxygen. Get medical attention immediately if swallowed; do not induce vomiting.

Symptoms: Acute: Irritation of skin, eyes, nose, mucous membranes, and in high
concentraions, narcotic; nausea, vomiting, loss of conciousness

Chronic: Skin rash, possible liver/kidney damage
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GEO-MARINE, INC.

AIR MONITORING FORMS (daily calibration unless noted)

Contaminant(s) of Interest: TCE (trichioroethylene) & break-down products
BTEX (benzene, toluene, ethyl-benzene, & xylenes)

Type of Sample (area, personal): area

Equipment Make & Model: HNu Systems, Inc. model P1-101

DATE TIME INSTRUMENT READING SAMPLER INITIALS



172444

GEO-MARINE, INC.

AIR MONITORING FORMS (daily calibration unless noted)

Contaminant(s) of Interest: TCE (trichloroethylene) & break-down products
BTEX (benzene, toluene, ethyl-benzene, & xylenes)

Type of Sample (area, personal): area

Equipment Make & Model: ENMET Corp. model CGS-80R (explosimeter)

DATE TIME INSTRUMENT READING SAMPLER INITIALS
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PPE

Ttem

Level A

GEO-MARINE, INC.
SITE SAFETY PLAN
EQUIPMENT LIST

Item

Level C

!fl1 (A4t

No(s).

SCBA
spare airtanks
encapsulating suit (type ________
surgical gloves
gloves (type _______________
outer work gloves
neoprene safety boots
steel-toed boots
booties
hardhat
5-minute escape cooling vest

Item

Level B

respirator (type __________________
cartridge (type _____________
5-minute escape mask
protective coveralls (type _________
rain suit available
butyl apron
surgical gloves
gloves (type _____________
outer work gloves
neoprene safety boots
steel-toed boots
booties
hard hat with face shield

Item

Level D

No(s).

SCBA
spare air tanks
protective coverall (type _________
rain suit
butyl apron
surgical gloves
gloves (type _____________
outer work gloves
neoprene safety boots
steel-toed boots
booties
hard hat with face shield

respirator available (type 5oTi )
cartridges available (type Cw fl4—.
5-minute escape mask available
protective coverall (type
splash apron .
rain suit available
neoprene safety boots . .

steel-toed boots
booties
work gloves
surgical gloves
hardhat
safety glasses or goggles

V
V

:::::::::::://

1



EQUIPMENT LIST (cont.)

(4%/Vt

blood pressure monitor
thermometer
blanket

Nn(s'kGENERAL INSTRUMENTS

OVA (model no. __________
HNu (model no. ____________
02 explosimeter with calibration kit
magnetometer (model no. ___________
pipe locator
Draeger tubes (type _______________ .

heat stress monitor
noise equipment (type ___________
monitox cyanide
personal sampling pumps
conductivity meter
pH meter
metal detector

RADIATION

: : : : : : : : : : : : : : : :

No(s).

Geiger counter
ion chamber
alert dosimeter
pocket dosimeter
portable ratemeter
scaler/ratemeter (type ________________
micro meter

FIRST AID No(s).

first aid kit
oxygen administrator
stretcher
portable eye wash

/

11



VPT4TCT .P.

EQUIPMENT LIST (cont.)

No(s).

12244

vehicle (description & license number______________________________
gas()
oil ( )
antifreeze ( )
battery water level ( )
windshield washing fluid ()
tire pressure ( )
tire pressure - spare(s) ( )
other _________ ()
vehicle insurance proof ( )
vehicle registration current ( )
vehicle inspection current ( )
tool kit
hydraulic jack
spare tire(s)
lug wrench
tow chain
fire extinguisher (date tested/filled _______________
generator
steam cleaner

TTWCON

wash tubs
buckets
scrub brushes
pressurized sprayer
detergent (type
solvent (type

containment dams
tarps and poles
trash bags
trash containers
masking tape
duct tape
paper towels .

face mask sanitizer
respirator cleaners
goggle cleaners .
chairs
step ladder
distilled water .

/k.

V

V

V

::::::::::::::::::

V

plastic sheeting.

V
V

: : : :

V

No(s).

111



EQUIPMENT LIST (cant.)

SAMPLING AND SHORT-TERM SAMPLE STORAGE

I /b44 '

SAMPLE SHIPMENT No(s).

clear glass bottles
8oz
16 oz
32 oz
64 oz
amber glass bottles (1 liter) .
VOA vials
acid for preservation (type: —
funnel

string
hand bailer
1.66 inch
2inch
4inch
bottle labels
water proof pen
chain-of-custody forms
sample description forms
custody seals
QA/QC seals
baggies
spoons
knives
measuring tape
filter paper
coolers
ice

personal pump sampling supplies
thieving rods with bulbs

heavy duty plastic coolers with labels
paint cans with lids, 7 clips each
shipping labels
DOT labels
labels UP

FRAGILE
HAZARL)OUS
other

strapping tape
clear packing tape
express shipping forms
vermiculite
"bubble" wrap

iv



MISCELLANEOUS

EQUIPMENT LIST (cont.)

No(s.

1?244:

surveyor's tape
100-foot metal tape
flagging
stakes

surveying flags
surveying meter stick .
compass (type _______
measuring ("wonder") wheel
300 foot nylon rope
nylon string
camera
film
banner tape
binoculars
megaphone
wailcie-talkies

chaining pin and ring.
balling pump
55-gallon storage drums
drum dolly
bung wrench
wheel barrow
pick
shovel
soil auger
weather radio

V.
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